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1. INTRODUCTION 
‘Prosthetic dentistry’ or ‘Prosthodontics’ is the dental specialty pertaining to the diagnosis, 
treatment planning, rehabilitation and maintenance of the oral function, comfort, appearance 
and health of patients with clinical conditions associated with missing or deficient teeth and/ 
or oral and maxillofacial tissues using biocompatible substitutes (Term definition according to 
Glossary of Prosthodontic Terms, Academy of Prosthodontics, Journal of Prosthetic 
Dentistry). Porcelain-fused-to-metal (PFM) restorations play a major role in conventional 
fixed prosthodontics. Because of their mechanical properties, biocompatibility and long-term 
clinical evaluation are considered as the gold standard for partially edentulous patients 
(Heintze & Rousson, 2010). 
With the establishment of modern implantology by Brånemark (Brånemark et al., 1969) the 
treatment spectrum of completely or partially edentulous patients has changed.  In the 
literature are described survival rates of 95-100% for implants and 95% for implant borne 
restorations after 3 to 5 years in use (Gunne et al., 1994; McMillan et al., 1998; Gotfredsen & 
Karlsson, 2001; Gotfredsen, 2004; Kreissl et al., 2007; Visser et al., 2011; Schneider et al., 
2012). Because of these high survival rates combined with the advantages of minimal 
invasive rehabilitation, bone preservation and great wearing comfort (Muche et al., 2003), 
implant borne restorations have become nowadays a widely accepted method for prosthetic 
reconstruction. More specifically, implants can be effective in preserving intact teeth in 
patients undergoing initial prosthodontic therapy, having free-end clinical situation and 
preventing the use of additional teeth as abutments in patients whose existing prostheses 
must be replaced (Priest, 1999; Eliasson et al., 2006). In their simpler form implant borne 
restorations include single tooth replacement in partially edentulous and overdentures 
supported by few implants in edentulous patients. Aside exist lots of, more or less, complex 
restorations. 
 
1.1 Characteristics of implant borne fixed restorations 
 
The natural tooth structure includes the periodontal ligament and its mechanoreceptors, 
working as a shock absorbing system and feed-back mechanism for occlusal forces (Brägger 
et al., 2001; Kinsel & Lin, 2009; Luraschi et al., 2012). Moreover, the vital tooth pulp harbors 
additional mechanoreceptors, which are more sensitive on lower mastication forces than the 
periodontal mechanoreceptors (Luterbacher et al., 2000). After a tooth loss, periodontal and 
pulp receptors are missing.  
In contrast to natural tooth structure, osseointegrated implants are ankylosed directly to the 
bone (Keller et al., 1996; Kinsel & Lin, 2009). This lack of mechanoreceptors around the 
implants leads to a decrease of tactile sensitivity, leaving the implant borne restoration 
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exposed to stress during mastication (Lundgren & Laurell, 1994; Brägger et al., 2001; Kreissl 
et al., 2007). Some authors claim that the fine tactile sensitivity, provided from periodontal 
and pulp receptors, can partially be replaced from additional mechanoreceptors locating in 
periimplant bone, periosteum, muscles and temporomandibular joint (Hämmerle et al., 1995; 
Keller et al., 1996; Enkling et al., 2007; Luraschi et al., 2012). According to Enkling et al. 
(2010) ‘the phenomenon of developing a certain tactile sensibility through osseointegrated 
dental implants is called osseoperception’. The bone receptors can be responsible for the 
decreased, but still existing discriminatory ability in patients with implant borne restorations 
compared to those with natural intact dentition (Keller et al., 1996), although their exact 
contribution to mechanical stimuli remains unclear (Luraschi et al., 2012). 
Hämmerle et al. (1995) and Keller et al. (1996) concluded that a more than 8- to 10-fold 
higher threshold of perception were recorded for implants compared to teeth. Luraschi et al. 
(2012) found 12.5-fold higher threshold. As a result, mastication forces in implant patients 
are dramatically increased (Duncan et al., 2003). In any case, the mobility and sensitivity of 
natural tooth and the feedback mechanism of periodontium cannot be totally replaced from 
implants and periimplant tissues (Kinsel & Lin, 2009; Luraschi et al., 2012). Normally, after 
loading because of functional forces, a natural tooth will react through the feedback 
mechanism over a physiologic tissue adaptation with slightly intrusion in its socket (Lundgren 
& Laurell, 1994; Schwarz, 2000). In case of parafunctional occlusal forces this may result in 
occlusal trauma of natural teeth (Schwarz, 2000). Because of lack of periodontal ligament 
and reflex mechanism and the direct bone anchorage of implants, these forces on implant 
borne restorations could more possible end up in mechanical and/ or technical complication 
(Naert et al., 1992; Schwarz, 2000; Kinsel & Lin, 2009). 
 
Another characteristic of implant borne restorations is their great number of prosthetic 
components, such as abutment and occlusal screws, the restoration’s framework and the 
veneer material. The basic form of modern implants is cylindrical or cone shaped. The parts 
of an implant borne fixed restoration are the enossal anchor, the transgingival adapter and 
the abutment, where the fixed dental prosthesis (FDP) is either cemented or screw-retained 
(Fig. 1). 
For good long-term results and clinical success of those rehabilitations the cooperation of 
each prosthetic component should be unproblematic. They should function together as a 
whole system under the continuously strain of mastication forces (Att et al., 2006). These 
different prosthetic components and dental materials used in implant borne fixed 
restorations, demonstrating differences in modulus and heterogeneous nature, are likely to 
contain defects and flaws ending to mechanical/ technical failures (Özcan, 2003; Att et al., 
2006). It is worth to mention that despite the high survival rate, the incidence of prosthetic 
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complications in these restorations approaches nearly 40% after 5 years in function (Kinsel & 
Lin, 2009).  
 



Fig. 1 Differences in structure between natural tooth and implant borne fixed restoration 


1.2 Complications in implant borne fixed restorations 
 
A successful dental prosthetic treatment includes a long-term well functioning prosthodontic 
restoration (Carlson & Carlsson, 1994). Despite the high survival rates of implant supported 
fixed restorations, complications are frequently described (Pjetursson et al, 2004; Kinsel & 
Lin, 2009). Generally, complications are more common in implant borne restorations when 
compared to conventional single crowns (SCs), FDPs, all-ceramic (AC) crowns, resin-
bonded prostheses and posts and cores (Brägger et al., 2001; Goodacre et al., 2003; Karl et 
al., 2007; Kreissl et al., 2007; Kinsel & Lin, 2009; Schmidlin et al., 2010), making clinicians 
cautious (Brägger, 1999; Luterbacher et al., 2000; Mericske-Stern et al., 2001). 
The possible complications of implant borne fixed restorations can be categorized in early 
complications, concerning mainly postoperative/ preprosthetic complications, such as nerve 
damage, infection and wound dehiscence (Wedgwood et al., 1992) and in late/ 
postprosthetic complications. The late complications can be subdivided into biological/ 
related to the periimplant tissues and mechanical/ technical/ related to the prosthetic 
suprastrucure and its components (Brägger et al., 2001; Goodacre et al., 2003; Brägger et 
al., 2005). According to Salvi & Brägger (2009) as ‘mechanical’ complication is defined any 
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complication of prefabricated component caused by mechanical forces. As ‘technical’ is 
defined the complication of laboratory-fabricated suprastructure or its materials (Salvi & 
Brägger, 2009) (Fig. 2). 
Failure of fixed implant borne restorations has primarily mechanical/ technical background, 
followed by biological (Brägger et al., 2001; Mericske-Stern et al., 2001; Goodacre et al., 
2003; Karl et al., 2007; Kreissl et al., 2007; Kinsel & Lin, 2009; Schmidlin et al., 2010) and 
result in greater risk of restoration loss than biological complications (Tan et al., 2004). In 
agreement to this is the review of Berglundh et al. (2002), who conclude that mechanical/ 
technical complications related to implant components and suprastructures are more 
frequently reported than those related to periimplant tissues.  
In literature the described mechanical/ technical complications for implant borne restorations 
are the same throughout, but their frequency differs in each study (Duncan et al., 2003). The 
most commonly observed technical complications in implant and combined tooth-implant 
supported reconstructions in clinical practice are decementation, loss of retention, abutment 
screw loosening/ fracture, occlusal screw loosening/ fracture, intrusion, fracture of zirconia 
abutment, fracture of metal framework and fracture of porcelain. Implant fracture is an 
infrequent complication occurred in 1-1.5% of all implants during a 5-year period (Goodacre 
et al., 1999; Berglundh et al., 2002; Goodacre et al., 2003). Mechanical/ technical 
complications in those restorations denote mechanical damage of implants, implant 
components and/ or suprastructures (Pjetursson et al, 2007a). According to Priest (1999), 
the complications of single tooth implant restorations over a 10-year observation period 
include screw loosening, broken screws, cement washout, margin exposure and porcelain 
fracture; all indentified as minimal prosthetic complications. Phonetic and esthetic 
complications and opposing restoration fractures are also referred (Goodacre et al., 1999). 
According to Carlson & Carlsson (1994) complications vary widely, ending from simple 
readjustment to remaking of restoration (Fig. 2). 
There are studies which support that the most frequent mechanical/ technical complication in 
implant supported FDPs is the fracture of the veneer material. On the contrary, other studies 
support that the most common complication is the abutment screw loosening, defining the 
abutment screw as the weakest link of the restoration (Andersson, 1995) (Tab. 2). Further, 
some technical complications are specific described for certain implant systems (Mericske-
Stern et al., 2001) and can be influenced by different factors each time. 
 
Generally, a significantly higher incidence of mechanical/ technical complications is referred 
for implant supported than for tooth supported prostheses (Brägger et al., 2001; Zurdo et al., 
2009) (Tab. 1 and 2). This fact is not surprising, considering the above mentioned differences 
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in modulus between the used materials (implant components and suprastructure) and the 
lack of pulp and periodontal ligament around implants, which may lead to a relatively 
increased complication percentage in implant borne restorations. All these complications can 
lead to suprastructure’s failure, are responsible for patient’s dissatisfaction, loss of chairside 
time and additional final costs. 
 
 
 
 




Fig. 2 Classification of complications in implant borne fixed restorations (Brägger et al., 2001; 
Brägger et al., 2005; Goodacre et al., 2003; Wedgwood et al., 1992) 
 
Complications in implant borne fixed restorations
Early Complications Late Complications
Biological Mechanical/ Technical
Components (mechanical)
loosening of occlusal screw
fracture of occlusal screw
loosening of abutment screw
fracture of abutment screw
implant fracture
Suprastructures (technical)
loss of retention
porcelain fracture
occlusal contact/ intrusion
fracture of metal framework
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Conventional (tooth supported) restorations 
Literature overview 
Author        
(Year of 
publication)    
Type of 
study 
Time in 
function 
Months 
(Years) 
Rate of porcelain 
fracture (%) 
Risk factors for 
porcelain fracture 
Most frequent 
mechanical/ 
technical  
complication 
Eliasson et al. 
(2007) 
retrospective 
36- 84 (3-7) 17.6 Bruxism Veneer ceramic fracture 
Libby et al. 
(1997) 
retrospective 
54 (4.5) 8 NR Veneer ceramic fracture 
Öwall  & 
Gronström 
(2000) 
prospective 
*only long 
span FDPs 
studied 
24 (2)  17 NR Metal framework fractures 
Sailer et al. 
(2009)  
randomized  
clinical study  
72 (6) 19.4 Adequate framework design 
Chipping/ Veneer 
ceramic fracture 
Tan et al. 
(2006) 
retrospective 
60 (5) 23.2 
Non vital abutments 
Longer spans 
Veneer ceramic 
fracture 
Brägger  et al. 
(2001)   
review 
48-60 (4-5) 5.6 
Bruxism 
Extension bridges 
Minor chipping 
Heintze & 
Rousson 
(2010)   
review     
*only FDPs 
studied, no 
SCs 
mean 36 (3) 
34% PFM FDP 
54% AC FDP 
Veneer layer thickness 
Inadequate framework 
design 
Materials used 
- 
*since review on 
‘chipping’  
Jokstad 
(2010)   
review 
120 (10) 3.2 C FDPs Material fracture 
Pjertusson et 
al.        
(2007a) 
review 
60-120 (5-10) NR C FDPs Veneer ceramic fracture 
Pjertusson  et 
al.        
(2007b) 
review         
*only SCs 
included 
60- 120 (5-10) 
After 5 years: 2.9 
After 10 years: 3.5 
NR 
Loss of retention 
Chipping/ Veneer 
ceramic fracture 
Sharma 
(2005) review up to 60 (5) 
3.2                  
*referred generally as 
‘material fracture’ 
NR Material fracture 
Table 1 Porcelain fracture in conventional (tooth supported) restorations/ Literature overview. FDP: 
Fixed dental prosthesis (bridges); SC: Single crown; C: Cantilevered, PFM: Porcelain-fused-to-metal (bridges); 
AC: All-ceramic; mean: Mean value; NR: Non-referred; vs: Versus; mean: Mean value; min.: Minimum; n/s: not 
specified
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Implant borne fixed restorations 
Literature overview 
Author       
(Year of 
publication) 
Type of study 
Time in 
function 
Months 
(Years) 
Number of restorations 
(n), type of restorations: 
rate of porcelain fracture 
(%) 
Risk factors for 
porcelain 
fracture 
Most frequent 
mechanical/ 
technical 
complication 
Akca & Cehreli  
(2008) 
prospective 
24-30 (2-2.5) 15 I-I FDP PFM: 20 
34 I-T FDP PFM: 0 
NR Veneer ceramic fracture 
Arisan et al. 
(2010) 
retrospective 
6-124 (0.5-10) (31 I SC PFM 
65 I-I FDP PFM) 4.3 
NR Decementation 
Bischof et al. 
(2006) 
prospective 
60 (5) 157  I SC PFM: 5.7 
80 I-I FDP PFM: 2.5 
NR Veneer ceramic fracture 
Brägger et al. 
(2005) 
prospective 
96-144 (8-12) 
69  I SC PFM: 4.3 
33 I-I FDP PFM: 6.1 
 
22 I-T FDP PFM: 9.1 
Bruxism 
C FDPs 
Anterior 
restorations 
Abutment screw 
loosening 
Brown & Payne  
et al.         
(2011) 
prospective 
12 (1) 26 I SC AC: 7.7 NR 
Veneer ceramic 
fracture 
ZrO abutment fracture 
Buser et al. 
(2011) 
prospective 
36 (3) 20 I SC AC: 0 NR NR 
De Boever et al.   
(2006) 
retrospective 
mean 62.5 
(5.2) 
 
(60 I SC PFM 
25 I S SC PFM 
21 I-I FDP PFM 
4 I-I C FDP PFM 
 
7 I-T FDP PFM) 8.5 
Bruxism 
C FDPs 
Abutment screw 
loosening 
Table 2 Porcelain fracture in implant borne fixed restorations/ Literature overview (from 1980-today after 
MEDLINE-search and Home-page-search in Journal of Oral Rehabilitation, Journal of Prosthetic Dentistry, 
International Journal of Prosthodontics and Clinical Oral Implants Research). 
FDP: Fixed dental prosthesis (bridges); SC: Single crown; I: Implant; T: Tooth; S: Splinted; C: Cantilevered; 
PFM: Porcelain-fused-to-metal; AC: All-ceramic; NR: Non-referred; vs: Versus; mean: Mean value; min.: 
Minimum; n/s: not specified (Modified Table from Mikeli et al., 2012)
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De Bruyn et al.    
(2000) 
prospective 
36 (3) 
8 I-I FDP PFM fully 
veneered: 25             
6 I-I FDP PFM partially 
veneered: 0 
Inadequate 
framework 
design 
Veneer ceramic 
fracture 
Ekfeldt  et al. 
(2011)           
a. retrospective 
b.clinical Follow-
up 
a. > 36 (3) 
b. 12 (1) 
a. 185 I SC AC: 1.6 
b. 40 I SC AC: 0 
NR 
a. Veneer ceramic 
fracture 
b. NR 
Eliasson et al. 
(2006) 
retrospective 
60-216 (5-18) 146 I-I FDP PFM: 18.5 NR Veneer ceramic fracture 
Gallucci et al. 
(2011) 
randomized  
clinical study 
24 (2) 
9 I SC PFM: 0 
8 I SC AC: 25 
NR Veneer ceramic fracture 
Gotfredsen 
(2004) 
prospective 
60 (5) 20 I SC PFM: 10 NR 
Abutment screw 
loosening 
Decementation 
Veneer ceramic 
fracture 
Gunne et al. 
(1994) 
prospective 
36 (3) 12 I-I FDP PFM: 16.7 NR Veneer ceramic fracture 
Hosny et al. 
(2000) 
prospective 
to 168 (14), 
mean 78 (6.5) 
16 I-I FDP PFM: 0 
16 I-T FDP PFM: 0 
NR NR 
Jemt et al. 
(2000) 
prospective 
36 (3) 63 I-I FDP PFM: 14.2 NR Veneer ceramic fracture 
Jemt  et al. 
(2003) 
prospective 
60 (5) 63 I-I FDP PFM: 15.9 NR NR 
Kinsel & Lin 
(2009) 
retrospective 
60 (5) 
390 I SC PFM: 8.2 
94 I-I FDP PFM: 10.2 
Bruxism 
Fixed restoration 
in opposing arch 
no use of 
occlusal splint 
NR 
Kreissl et al. 
(2007) 
prospective 
60 (5) 
45 I SC PFM: 4.5 
81 I S SC PFM: 0 
7 I-I FDP PFM: 0 
23 I-I C FDP PFM: 17.4 
Bruxism 
C FDPs 
Abutment screw 
loosening 
Larsson et al. 
(2006) 
randomized 
clinical study 
12 (1) 
(51 I S SC AC: 17.6 
3 I-I FDP AC: 0 
1 I-I  C FDP AC: 100) 32 
Bruxism Veneer ceramic fracture 
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Larsson & Vult 
von Steyern 
(2010) 
randomized 
clinical study 
60 (5) 
(51 I S SC AC: 33.3 
3 I-I FDP AC: 0 
1 I-I  C FDP AC: 100) 44 
Inadequate 
framework 
design 
Veneer ceramic 
fracture 
McMillan et al.    
(1998) 
retrospective 
12-60 (1-5) 76 I SC PFM: 2.6 NR 
Decementation 
Veneer ceramic 
fracture 
Nothdurft & 
Pospiech (2010) 
prospective 
12 (1) 40 I SC AC: 10 Material of framework 
Veneer ceramic 
fracture 
Palmer et al. 
(2010) 
prospective 
60 (5) 14 I SC PFM: 7.1 NR Veneer ceramic fracture 
Sailer et al. 
(2009b) 
randomized 
clinical study 
12 (1) 12 I SC PFM: 16.7 
19 I SC AC: 0 
NR Veneer ceramic fracture 
Schmidlin et al.    
(2010) 
retrospective 
mean 141.6 
(11.8) 39 I SC PFM: 5.1 NR 
Veneer ceramic 
fracture 
Schneider et al.    
(2012) 
retrospective 
min. 60 (5), 
mean 74.4 
(6.2) 
100 I SC PFM: 4 NR Loss of retention 
Scholander 
(1999) 
retrospective 
12-108 (1-9) (79 I SC PFM 
165 I SC AC)  0.4 
NR Abutment screw loosening 
Vermylen et al.    
(2003) 
retrospective 
3-89 (0.25-
7.4), mean 33 
(2.75) 
43 I SC PFM: 4.7 Occlusal precontact 
Veneer ceramic 
fracture 
Vigolo et al. 
(2004) 
prospective 
48 (4) 24 I SC PFM: 0 NR NR 
Visser et al. 
(2011) 
prospective 
60 (5) 92 I SC PFM: 1.1 NR 
Abutment screw 
loosening 
Veneer ceramic 
fracture 
Wahlström et al.   
(2010) 
retrospective 
min. 36 (3) 46 I-I FDP PFM: 19.6 Bruxism Veneer ceramic fracture 
Zembic et al. 
(2009) 
randomized 
clinical study 
36 (3) 11 I SC PFM: 18 
17 I SC AC: 0 
NR Veneer ceramic fracture 
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1.3 Etiology and prevalence of porcelain fracture in implant borne fixed restorations 
Dental porcelain is an inorganic non-metal material produced by the heating of raw minerals 
at high temperatures (Fons-Font et al., 2006). Porcelain-fused-to-metal (PFM) restorations 
play today a major role in restorative dentistry and considered to be the gold standard, 
because of their biocompatibility, little plaque accumulation, mechanical properties, esthetic 
advantages and long-term clinical evaluation (Leinfelder, 2000; Karl et al., 2008; Heintze & 
Rousson, 2010). 
As already referred, according to current literature, porcelain fracture in PFM or AC, 
conventional or implant supported restorations is not an uncommon problem in clinical 
practice (Wataha & Messer, 2004; Kellerhof & Fischer, 2007; Karl et al., 2008). Although the 
technical progress in dental materials has decreased the incidence of this complication, it still 
remains frequent in both conventional and implant borne fixed restorations. Evidence of this 
is also the large number of the available in vivo porcelain repair systems (Karl et al., 2005). 
Porcelain fracture, even considered being a minor complication not necessarily meaning 
failure of the restoration, still may cause premature failure of FDPs (Att et al., 2006; Karl et 
al., 2008). Certainly, porcelain fracture represents an unfavorable time and cost consuming 
clinical problem posing an esthetic and functional problem for both clinician and patient 
(Wataha & Messer, 2004; Att et al., 2006; Fahmy & Mohsen, 2010). This complication is 
described in literature as multifactorial phenomenon (Özcan, 2003; Att et al., 2006). Its 
causes cover a wide spectrum, from iatrogenic factors to deficiencies during the laboratory 
procedures (Fahmy & Mohsen, 2010). These fractures occur clinically with or without core 
exposition either as result of adhesive failure at the core-veneer interface or cohesively, 
within the ceramic (chipping), or as a mixed form (Al-Amleh et al., 2010; Heintze & Rousson, 
2010; Göstemeyer et al., 2010). 
Generally, the porcelain fracture as complication of PFM restorations is not surprising 
considering the different modulus and thermal expansion coefficients of core and veneer 
materials, the sensitivity of ceramic materials to fractures, due to their brittle nature in 
contrast to metals, and their incapability of absorbing elastic energy (Randow et al., 1986; 
Baran et al., 2001; Özcan, 2003; Wataha & Messer, 2004; Aboushelib et al., 2006; Zarone et 
al., 2007; Karl et al., 2008; Fahmy & Mohsen, 2010). Metals are characterized by a higher 
coefficient of thermal expansion compared to that of porcelain (Zarone et al., 2007). Because 
of this thermal coefficient differences, structural flaws are produced during the veneering 
process, which are located either in the bulk of the material or at the core-veneer interface, 
and can act as fracture initiation sites (Aboushelib et al., 2006; Studart et al., 2007). The 
fatigue failure is preceded by a combination of crack initiation and crack propagation ending 
in the form of fracture (Reuter & Brose, 1984; Baran et al., 2001; Özcan, 2003). To avoid 
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residual stresses in PFM restorations, a compatible coefficient of thermal expansion for both 
porcelain and metal is necessary (Wataha & Messer, 2004; Kellerhof & Fischer, 2007). 
Further, any technical mistakes and inaccuracies during the veneering process, such as 
microcracks, pores and technical flaws preexisting in the porcelain mass, are also frequent 
reasons affecting the ceramic weakness (McLean, 1990; Baran et al., 2001; Fischer, 2002; 
Özcan, 2003; Karl et al., 2005; Aboushelib et al., 2006; Studart et al., 2007; Zarone et al., 
2007). 
Another crucial point affecting a porcelain fracture incidence is the metal-ceramic bond 
strength (Kellerhof & Fischer, 2007). Cracks leading to clinical failure can originate from the 
core-veneer interface (Lorenzana et al., 1990; Studart et al., 2007). Normally, the bonding of 
veneering porcelain to metal core is accomplished over van-der-Waal‘s forces, mechanical 
interlocking between both materials and chemical bonds over an oxide layer, which is built 
during the firing process by oxidation on the surface of the alloy (Fischer, 2002). According to 
Fischer (2002), the contribution of chemical bonds to metal-ceramic bond strength is much 
more important than mechanical interlocking, obtained by roughening the surface. Different 
factors may inferior this metal-ceramic bond strength (Aboushelib et al., 2006), such as 
corrosive attack of the metal-ceramic interface by saliva, weak veneering ceramic, weak 
bond between core and ceramic, inadequate retention, poor wetting of the core by veneering 
ceramic and thermal expansion coefficient mismatch between veneer and metal leading to 
thermal stresses (Fischer, 2002; Özcan, 2003; Aboushelib et al., 2006; Studart et al., 2007). 
The effectiveness of the metal-ceramic bond is influenced also by the shape of the metal 
framework (Zarone et al., 2007). The improper design of the reconstruction and the lack of 
inadequate occlusal space or, contrary to this, the excessive porcelain thickness with 
inadequate metal support could also lead to porcelain fracture (Özcan, 2003). The 
unsupported or excessively thick ceramic layer may be more prone to fractures under 
occlusal forces. The tooth preparation and/ or the abutment form chosen for the implant 
borne restorations should ensure the space required for the longevity of the rehabilitation. 
The adequate dimensions and design of the framework and the veneering porcelain can 
prevent the porcelain fracture and ensure the longevity of the restorations (Lundgren & 
Laurell, 1994; Tinschert et al., 2008; Shirakura et al., 2009). The in vitro study by Shirakura 
et al. (2009), comparing the influence of veneering thickness on failure resistance of AC and 
PFM crowns, concluded that the thickness of veneering porcelain affected the failure load of 
PFM restorations, but not that of AC ones. Especially the success of AC systems depends 
on the strength of the core-veneer bond and failure prevention by active crack resistance, 
known as transformation toughening (crack propagation) (Rosenberg et al., 1991; Conrad et 
al., 2007; Özkurt & Kazazoglu, 2010). 
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The mechanical properties of the materials used and the selection of the appropriate material 
for each case play also a role for porcelain fractures (Lundgren & Lauerell, 1994; Özcan, 
2003; Aboushelib et al., 2006; Studart et al., 2007). The framework material should be strong 
enough to withstand the high tensile stresses, but with high elastic modulus to decrease the 
stress on the weaker veneering material and thereby retard the fracture of the dental 
restoration (Studart et al., 2007). 
One additional reason for intraoral porcelain fractures in both PFM and AC restorations is the 
mastication forces. Özcan (2003) reports that the majority of the ceramic fractures are 
observed even during a single load cycle of normal chewing function, without delimitating the 
effect of bruxism or other parafunctional habits. Further, not correctly registered occlusion 
and premature contacts could act as stress bearing zones on the porcelain layer (Baran et 
al., 2001; Özcan, 2003). 
Beside any microdefects within the material and any technical reasons, there are some 
additional reasons referred in literature leading to porcelain fracture, such as spanning of the 
restoration, inadequate marginal adaptation and trauma (Özcan & Niedermeier, 2002; Fahmy 
& Mohsen, 2010). In effect, when dealing with the great variety of clinical situations, not all 
ceramics behave as required (Fons-Font et al., 2006). 
The porcelain fracture rates for the conventional fixed restorations range from 0.6% (Scurria 
et al., 1998) to almost 3% (Goodacre et al., 2003; Tan et al., 2004; Sharma, 2005; Pjetursson 
et al., 2007a; Jokstad, 2010), 5.7% (Pjetursson et al., 2007b), 8% (Libby et al., 1997), 17.6% 
(Eliasson et al., 2007), 19.4% (Sailer et al., 2009a) and 23.2% (Tan et al., 2006) after 3 to 10 
years in function. Heintze & Rousson (2010) in their review report a 34% porcelain fracture 
rate in PFM FDPs (Tab. 1). 
For implant supported restorations the percentage of porcelain fracture is significantly higher 
than that for conventional supported (Karl et al., 2007; Kreissl et al., 2007; Kinsel & Lin, 
2009; Zurdo et al., 2009) (Tab. 2 and 3), making this complication particularly important for 
the clinician (Özcan, 2003). Brägger et al. (2005), in a 10-year prospective cohort study on 
implant borne fixed prostheses, concluded that the event of a porcelain fracture increased 
the odds ratio for the suprastructure to be a failure at 10 years to 11%, compared with 
suprastructures with no porcelain fracture over 10 years. Especially in implant borne 
restorations the porcelain fracture can be influenced by additionally factors, than those being 
already referred. The dynamic loads caused by occlusal forces, the static loads caused by 
inaccuracies during the fabrication of the superstructure and its fixation on the implant 
abutment (Karl et al., 2008) and the referred lack of mechanoreceptors around the implant 
make the porcelain layer more prone to fracture. In the literature there are a number of those 
  Introduction   
18

factors named and examined. A presentation of them would be reasonable and helpful on 
our effort understanding this clinical complication.


Table 3 Porcelain fracture rate in implant borne fixed restorations/ Overview based on Table 2. FDP: Fixed 
dental prosthesis (bridges); SC: Single crown; I: Implant; T: Tooth; S: Splinted; C: Cantilevered; PFM: Porcelain-
fused-to-metal; AC: All-ceramic; NR: Non-referred; vs: Versus; mean: mean value; min.: Minimum; max.: 
Maximum; n/s: not specified; n: Number; *: not reported (Modified Table from Mikeli et al., 2012) 
 
 
Porcelain fracture rate (min.-max.) 
in implant borne  fixed restorations 
 
I SC (n=1791) 
PFM 
(n=1271) 
 
0-18% 
AC 
(n=520) 
 
0-25% 
 
I S SC (n=157) 
(n=106) 
 
0-8.5% 
(n=51) 
 
17.6 after 12 
months in 
function 
33.3% after 60 
months in 
function 
 
I-I FDP (n=615) 
(n=612) 
 
0-19.6% 
(n=3) 
 
n/s 
 
I-I C FDP (n=28) (n=27) 
 
8.5-17.4% 
(n=1) 
 
n/s 
 
I-T FDP (n=79) (n=79) 
 
0-9.1% 
 
* 
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1.4 Risk factors for porcelain fracture in implant borne fixed restorations 
As already referred, porcelain fractures are more frequent in implant borne fixed restorations 
and can lead to prosthetic failure (Brägger et al., 2001; Berglundh et al., 2002). Based on 
current literature, there is a number of risk factors considered being related to this technical 
complication, which can be categorized as follows (Tab. 4): 
 
Table 4 Risk factors for porcelain fracture in implant borne fixed restorations based on current literature. 
FDP: Fixed dental prosthesis (bridges); SC: Single crown; I: Implant; T: Tooth; S: Splinted; C: Cantilevered; PFM: 
Porcelain-fused-to-metal; AC: All-ceramic 
Impact on 
porcelain 
fracture 
incidence 
RISK FACTORS  
 
(Brägger et al., 2001; Nedir et al., 2006;, Salvi & Brägger, 2009; Zurdo et al., 2009; Tab. 2) 
Certain 
Bruxism 
Use of occlusal splint 
Type of occlusion 
Length of restoration 
Cantilever extensions on FDPs (C FDPs, C 15mm) 
History of mechanical/ technical complications 
Potential 
Type of fixation (cemented, screw-retained) 
Number of implants supporting a FDP 
Type of opposing dentition 
Prosthetic materials used (PFM/ AC, noble or base alloy) 
Time in service 
Location (Maxilla/ Mandible, Anterior/ Posterior) 
Type of restoration (I-I FDP, I-T FDP, I SC) 
Misfit/ Passive fit 
Uncertain 
Angulated abutments 
Crown-to-implant ratio 
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Bruxism 
Bruxism and parafunctional occlusal forces belong to the most commonly referred risk 
factors in the literature. Because of the higher occlusal forces associated with bruxers 
compared to occlusal inactive patients (Studart et al., 2007), bruxism plays a significant role 
in the prevalence of porcelain fractures and bruxers are considered high-risk patients for this 
type of complication (Brägger et al., 2001; Muche et al., 2003; Brägger et al., 2005; De 
Boever et al., 2006; Larsson et al., 2006; Kreissl et al., 2007; Kinsel & Lin, 2009; Salvi & 
Brägger, 2009; Wahlström et al., 2010).  
 
Use of occlusal splint 
The use of occlusal splint can act protectively against porcelain fractures in patients with 
implant supported fixed restorations, regardless if bruxers or not (Brägger et al., 2001; Misch, 
2002; Tosun et al., 2003; Kinsel & Lin, 2009; Manfredini, 2013b). Patients, who do not wear 
an occlusal device, have approximately 2 times higher odds of porcelain fracture, compared 
to those who wear one (Kinsel & Lin, 2009). 
 
Type of occlusion 
Both the occlusal force pattern and the inadequate occlusion influence the restoration and 
the abutments and can lead to technical complications, such as porcelain fractures 
(Lundgren & Laurell, 1994; Özcan, 2003; Schwarz, 2000; Vermylen et al., 2003). Prosthetic 
restorations should be properly designed, distributing the occlusal forces and avoiding any 
damaging off-axis forces (Lundgren & Laurell, 1994; Schwarz, 2000; De Boever et al., 2006). 
A properly controlled occlusion helps to avoid premature contacts on implant supported units, 
which may significantly enlarge fracture rates (Lundgren & Laurell, 1994; Linkevicius, 2008). 
 
Length of restoration 
Longer and larger restorations seemed to be more prone to prosthetic complications (De 
Boever et al., 2006; Salvi & Brägger, 2009). Implant borne long span bridges and full arch 
fixed restorations demonstrate a higher percentage of porcelain fracture than SCs (Özcan, 
2003; De Boever et al., 2006). 
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Cantilever extensions 
The incorporation of cantilever extensions into implant borne restorations may be an option, 
in cases, where local conditions, such inadequate bone volume, do not allow implant 
insertion, mainly in order to avoid unilateral removable partial dentures or to prevent 
overeruption of an opposing tooth (Lundgren & Laurell, 1994; Gabbert et al., 2008; Zurdo et 
al., 2009; Bortolotto et al., 2010). However, extensions are associated with more technical 
failures, such porcelain fractures, in FDPs on implants (Brägger et al., 2001; Taylor & Agar, 
2002; Brägger et al., 2005; De Boever et al., 2006; Nedir et al., 2006; Kreissl et al., 2007; 
Salvi & Brägger, 2009; Zurdo et al., 2009). Salvi & Brägger (2009) report higher rate with 
implant supported FDPs restricted for very long cantilevers (>15mm). In any case, cantilever 
extensions increase the risk of bending overload and produce a more complex stress 
pattern, which in turn may compromise the prognosis of the prosthetic restoration (Lundgren 
& Laurell, 1994; Muche et al., 2003; Zurdo et al., 2009). 
 
History of mechanical/ technical complications 
In literature is reported that preceding complications in implant borne fixed restorations 
increase the risk of failures (Brägger et al., 2005). In other words, increased technical failures 
are observed in FDPs with former technical complications when compared to those without 
(Mericske-Stern et al., 2001; Brägger et al., 2005; Salvi & Brägger, 2009). 
 
Type of fixation 
The decision about the preferable in each case retention mechanism (screw-retained or 
cemented) of implant borne fixed restorations is based on esthetics, retentiveness, 
retrievability, costs and practicability (Karl et al., 2007). 
The screw access holes of porcelain veneered screw-retained implant restorations can form 
a weak point in the ceramic layer (Torrado et al., 2004; Karl et al., 2007; Zarone et al., 2007). 
Further, screw-retained FDPs are merely predamaged through screw tightening (Karl et al., 
2007; Karl et al., 2008). Therefore, screw-retained implant supported PFM restorations 
demonstrate a significantly higher technical complication rate, like porcelain fracture, than 
cemented (Duncan et al., 2003; Torrado et al., 2004; De Boever et al., 2006; Zarone et al., 
2007; De Oliveira et al., 2010; Nissan et al., 2011b). Furthermore, loosening of the abutment 
screw and the following mobility of the restoration may lead to porcelain fracture, while 
loosening is rarely found on cemented prostheses (Brägger, 1999; Singer & Serfaty, 1996). 
On the other hand, other studies support that the retention mechanism cannot be identified 
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as risk factor for porcelain fractures and that the prosthetic complication rates for cemented 
and screw-retained restorations do not differ significantly (Karl et al., 2005; Nedir et al., 2006; 
Nickenig et al., 2006; Salvi & Brägger, 2009), although the cement-retained restorations 
show higher mean fracture loads (Al-Omari et al., 2010). 
Generally, although in cemented restorations the metal-ceramic bond can be more efficient 
and the framework design more adequate than in screw-retained, both implant prosthetic 
connection systems have a good and predictable behavior (Zarone et al., 2007). Screw-
retained restorations are more prone to porcelain fractures and microcracks near the 
occlusal screw access and in the whole porcelain bulk, while cemented demonstrate more 
cervical cracks, because of the wedge effect of the abutment (Zarone et al., 2007; Karl et al., 
2008). 
 
 
Number of implants supporting a FDP 
The review of Salvi & Brägger (2009) controversially concludes that, in some studies the 
number of implants supporting an FDP have no impact on the technical complications, while 
in some other studies more porcelain fractures are observed in FDPs being supported by a 
greater number of implants and that patients with more implants have an increased failure 
risk (Salvi & Brägger, 2009). The complexity of the reconstruction is identified as risk factor in 
only one study according to this review. Naert et al. (2002a, b) conclude that the lower the 
number of implants in a restoration, the higher the hazard rate. 
 
 
Type of opposing dentition 
Another factor suggested having an influence on the rate of technical complications is the 
type of opposing dentition (Zurdo et al., 2009). Based on literature, this influence is also 
uncertain. Implant supported PFM restorations have a significantly higher risk of porcelain 
fracture when opposing another implant borne PFM or tooth supported PFM restoration, 
compared to opposing natural tooth (Kinsel & Lin, 2009). According to Schwarz (2000), 
significantly higher occlusal forces are exerted on the implant borne fixed restorations when 
opposed natural dentition compared to full removable denture, while Lundgren & Laurell 
(1994) support that more technical failures occurre when the opposing jaw is supplied with a 
complete denture than with natural teeth (Lundgren & Laurell, 1994; Schwarz, 2000). On the 
other hand, De Boever et al. (2006) report no difference in prosthetic complication rate 
between the different types of antagonistic occlusion. Fractures of opposing restorations 
have also been reported when opposing implant prosthesis (Goodacre et al., 1999; Goodacre 
et al., 2003). 
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Prosthetic materials 
The clinical performance of PFM restorations depends on the compatibility of the materials 
used and the materials are considered to be one of the factors affecting the success of 
implant restorations (Kellerhof & Fischer, 2007; Zarone et al., 2007). 
Nowadays there is a quite limited use of gold-resin fixed restorations in clinical practice, 
because of their referred low clinical success (Palmqvist & Swartz, 1993; Pjetursson et al., 
2007a). As gold standard, noble alloys are preferable than base alloys for PFM fixed 
restorations (Foster, 1990; Kellerhof & Fischer, 2007). Some researchers report higher 
survival rates and lower porcelain fractures for implant borne noble alloy PFM restorations 
compared to semi-precious or base alloy restorations (Libby et al., 1997). Further, Lorenzana 
et al. (1990) report a better metal-porcelain bond for palladium (Pd) rich alloys than gold (Au) 
ones. On the contrary, other studies report comparable porcelain adherence on the different 
alloy types and no biological or technical effects of the different materials used for 
frameworks or abutments (Carlson & Carlsson, 1994; Torrado et al., 2004; Salvi & Brägger, 
2009; Haag & Nilner, 2010). In this way material aspects are not identified as risk factors 
(Salvi & Brägger, 2009). Conrad et al. (2007) and Özkurt & Kazazoglu (2010) report that 
porcelain fracture is the most common complication in implant supported AC restorations. In 
an in vitro study, Shirakura et al. (2009) report significantly higher success and survival rates 
for AC restorations than PFM, but greater failures load for the PFM ones. In clinical practice, 
a combination of zirconia crowns and titanium abutments or zirconia crowns and zirconia 
abutments is totally acceptable (Att et al., 2006; Sailer et al., 2009b). The influence of 
prosthetic materials on porcelain fracture incidence is unclear in current literature. 
 
Time in service 
Similarly, the impact of the factor ‘time in service` is unclear. Some studies report that, the 
majority of repairs are needed within the first or second year of service and the complication 
rate does not increase over time (Libby et al., 1997; Brägger, 1999; Mericske-Stern et al., 
2001; Nedir et al., 2006). Other studies refer higher complication rates and different types of 
complications over time; mostly after 5- or 10-years in service (Lundgren & Laurell, 1994; 
May et al., 1997; Duncan et al., 2003). 
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Location of the restoration 
The location of the restoration may have an impact on its clinical performance (Lundgren & 
Laurell, 1994; Zurdo et al., 2009), but this is also controversial in literature. Loading forces 
may be significantly higher in posterior compared to anterior regions. Therefore, more 
prosthetic complications and retreatment in both tooth and implant borne restorations could 
occur in posterior regions (Schwarz, 2000; Brägger et al., 2005; Nedir et al., 2006; Zurdo et 
al., 2009). According to other studies the majority of failures occur in the anterior region 
(Özcan & Niedermeier, 2002). Moreover, Tinschert et al. (2008) report more porcelain 
fractures in the mandible, while Carlson & Carlsson (1994) more prosthetic complications in 
maxilla.  
 
Type of restoration 
The influence of the restorations’ type (implant or implant-tooth supported, FDP or SC) is 
also unclear in literature. Some researchers report better clinical performance and less 
technical complications, respectively porcelain fractures, of implant borne restorations 
compared to mixed implant-tooth supported (Brägger et al., 2001; Lang et al., 2004; Brägger 
et al., 2005). Others do not share this opinion, reporting no differences between implant and 
mixed supported restorations (Astrand et al., 1991; Hemmings et al., 1994; Olsson et al., 
1995). Kreissl et al. (2007) and Pjetursson et al. (2007a) report less technical complications/ 
porcelain fractures and higher survival rates in implant supported FDPs than in SCs. 
Mericske-Stern et al. (2001) and Jung et al. (2008) share the totally opposite opinion and 
define that in case of complication the replacement of SCs is easier. 
 
Misfit/ Passive fit 
A precise and passive fit should be prerequisite for a long-term survival and good stress 
distribution when frameworks are fabricated on implants (Lundgren & Laurell, 1994; May et 
al., 1997; Karl et al., 2005). Otherwise this could be a reason for veneer fracture, occlusal 
screw loosening and implant overload due to stress (Luterbacher et al., 2000). Even though 
progress in laboratory procedures has been made, reducing fabrication errors, practically 
implant framework fabrication and veneering processes rarely result in the accuracy and 
precision theoretically required for passive fit (Brägger, 1999; Taylor & Agar, 2002; Karl et al., 
2005; Karl et al., 2007; Karl et al., 2008). There is always a clinically acceptable degree of 
misfit, which the implant components can tolerate (May et al., 1997; Kan et al., 1999; Taylor 
& Agar, 2002). The cause of fixed implant supported framework misfit is usually multifactorial 
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(Kan et al., 1999) and its impact on the longevity of implant restorations is unclear (Brägger, 
1999). 
 
Angulated abutments 
Occasionally angulated abutments are needed to overcome compromised esthetic and 
functional results in situations of complicated anatomy, especially in the maxilla (Balshi et al., 
1997). Abutments’ angulation may be a factor aggravating periimplant bone loss (Arun 
Kumar et al., 2013). The opposite side supports that implant restorations, whether restored 
with straight or preangled abutments, have no diverse effect either on the surrounding bone 
and survival of the implants or on an increased risk for technical complications (Brägger, 
1999; Salvi & Brägger, 2009). Besides, angulated abutments in Brånemark restorations 
exhibit good clinical results and are considered clinically comparable to standard abutments 
for prosthetic restoration (Balshi et al., 1997). 
 
Crown-to-implant ratio 
Crown-to-implant ratio may also be a biomechanical factor having an influence on implant 
supported restorations (Zurdo et al., 2009). Implant length is mostly related to the quality of 
osseointegration and implant survival (McLaren & Cao, 2009). Short implants are a viable 
solution in sites with reduced bone height, presumed that occlusal forces and load 
distribution are controlled (Tawil et al., 2006). Unfavorable load conditions may be expected 
in less favorable crown-to-implant ratio situations, but crown-to-implant ratio per se is not 
identified as risk factor for increased technical complication rates (Blanes, 2009; Salvi & 
Brägger, 2009; Nissan et al., 2011a). Generally, the impact of this factor requires further 
studies (Salvi & Brägger, 2009). 
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1.5 Reason of the study 
Even progress in dental materials has been made, technical complications still occur 
frequently. Implant therapy is associated with greater costs than conventional therapy. Any 
technical complication, leading to retreatment, waste of time and extra costs, poses an 
esthetic and functional problem for the patient, affects his quality of life and leads to his 
dissatisfaction. The clinician should be informed about risk factors resulting in possible 
complications of implant borne fixed restorations and should give the proper attention when 
planning one in order to improve the long-term success. The porcelain fracture belongs to 
the most common technical complications and can deteriorate the long-term survival of the 
restoration.  
 
1.6 Aim of the study 
 
Aim of this retrospective clinical study was to determine the porcelain fracture rate in implant 
borne fixed restorations and to detect risk indicators for this technical complication.  
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2. MATERIAL AND METHODS 
2.1 Study design 
This retrospective clinical study was designed by the Department of Prosthetic Dentistry, 
Dental School, University Hospital Carl Gustav Carus of Technical University of Dresden 
(TUD) in order to determine the porcelain fracture rate and potential risk indicators for this 
complication in implant supported FDPs. The study was part of a wider retrospective clinical 
study examinating concurrently the prevalence of periimplant inflammation and porcelain 
fracture in the same subjects, performed by two licensed independent dentists. Ethical 
approval was obtained from the Ethics Committee of TUD (Eth.Nr. EK255072011). 
2.2 Pretest 
A prestudy examination on 5 patients evaluated the study design, study procedure and 
questionnaires as well and led to some modifications (see att.). The primary attempt 
documenting the fractures be means of impression and additionally photographs was 
evaluated as impractical and time consuming and was rejected in this prestudy evaluation 
phase. The used impression material in this phase was A-Silikon (PentaTM Putty soft and 
ExpressTM 2, 3M ESPE, Neuss, Germany). Models were made by cast (Excalibur, golden 
brown, Dr.Böhme & Schöps, Dental GmbH, Goslar, Harz, Gemany). Finally, it was decided in 
favor of a documentation of porcelain fractures through intraoral photographs only. 
 
2.3 Participants 
Only adult patients (age  18 years) having previously received implant supported fixed 
dental restorations, from January 1995 until August 2011, either PFM or AC, were recruited. 
The recruitment was realized in two ways. Since part of the patients participated in periodic 
recall appointments over the Recall-system of our Clinic, which provided their contact data, 
their recruitment was made in this way. The patients, who did not participate in the Recall-
system, were recruited by use of the DENTWARE-system (DENTWARE Computer GmbH, 
Maisach, Germany) of the University Clinic. The DENTWARE-system was able to detect any 
potential study subjects after searching in all electronically saved restoration data from each 
patient record of the clinic separetely, based on type of restoration and date of placement. 
The DENTWARE-system provided also the contact data of those patients. The combined 
search resulted in 397 potential patients. 
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2.4 Study setting 
The physical examination took place from September 2011 to August 2012 in the 
Department of Prosthetic Dentistry, Dental School, University Hospital Carl Gustav Carus of 
Technical University of Dresden (TUD) and was carried out by the author, while dental 
assistance was provided.  
2.5 Recruitment  
Contact information of the potential 397 patients was provided from Recall- and 
DENTWARE-system. In the first place all patients were contacted over telephone. The 
patients were additionally invited per mail (see att.), when a phone contact was not possible 
(unknown/ wrong/ not updated telephone number, patient not reachable after two attempts). 
Either telephonically or per mail all potential patients were informed about the study and 
asked about their interest in participation. The aim and procedure of the study were 
sufficiently explained to them. Participation was free of charge based on informed consent, 
which could be withdrawn at any stage of the study without giving a reason. The patients 
benefited from a free recall examination and the chance to be informed in detail about 
porcelain fracture risk of implant supported restorations. In case of porcelain fracture the 
defect could be restored in the University Clinic.  
 
2.6 Examination and variables 
On the day of examination all participants provided informed consent before entering the 
study. The study included a questionnaire on parafunction habits, data collection from dental 
records and clinical examination. All information was systematically recorded and 
documented by means of an assessment form made for this reason (see att.). These data 
concerned: 
 Data about the patients (age and gender) 
 Data about the implants 
 Data about the prosthetic restoration 
The examination per se was divided into two parts: 
 Discussion with the patient, based on the questionnaire  
 Clinical examination 
By answering the questionnaire with ‘yes’ or ‘no’ and after discussion the patients referred 
any parafunctional habits and former complications of the implant borne restorations or of the 
opposed occlusal surface. Intraoral signs confirming parafunctional activity, such as occlusal 
wear facets, wedge shaped defects, cheek and/ or tongue impressions were also recorded. 
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The clinical examination under dry conditions (cotton rolls, air) included intraoral observation 
by the use of an usual examination set, including intraoral mirror, dental probe, articulating 
paper and, when needed, dental floss (Fig. 3). This examination provided the following 
information concerning the implant borne restorations and the patients: 
 Type of dynamic occlusion (canine guidance, group function, bilateral balance, 
anterior protected occlusion) 
 Use or not of occlusal splint 
 Presence of occlusal wear facets, tongue and/ or cheek impressions, wedge shaped 
defects 
 Shortened dental arch (SDA) or not 
 Type of restoration (SC, splinted SCs, FDP, cantilevered FDPs, implant-tooth 
supported FDPs) 
 Position of restoration 
 Length of restoration 
 Length of cantilever and/ or pontic (if present) 
 Type of connector in implant-tooth supported FDPs (rigid, non-rigid) 
 Type of fixation (screw-retained or cemented) 
 Type of opposing surface (natural tooth, fixed or removable restoration, type of 
opposing restoration) 
Any present porcelain fracture was recorded systematically in terms of position and type. The 
fractures were documented by photographs (photographs in occlusion, upper and lower 
dental arch and fracture in detail) (Fig. 4).   
Data concerning number of implants placed, diameter and length of loaded implants, 
abutment angulation, detailed information on treatment outcome, complications of the 
implant borne restoration or their opposing occlusal surface during the period of function, 
cement type, type of alloy and date of placement could be obtained from the patients’ 
records. 
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Fig. 3 Clinical examination set  

 
Upper dental arch                                                          Lower dental arch 
 
In occlusion                                                                   Porcelain fracture (detail) 
Fig. 4 Example of photo documentation  
 
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2.7 Classification of porcelain fractures  
Subject and focus of the study was the presence of porcelain fractures in implant borne 
FDPs and SCs. Additionally the fractures were divided and classified in four groups based on 
the extent of porcelain fracture and reparability of the restorations (Fig. 5).  
The porcelain fracture classification took place as follows: 
Group A: no fracture, intact restoration 
Group B: acceptable fracture/ chipping, polishing possible, good function and esthetics  
Group C: acceptable fracture, fracture reaches framework, intraoral repair possible, poor 
function and esthetics 
Group D: unacceptable fracture, new restoration needed, poor function and esthetics 

 
 Group A                                                           Group B 

 
Group C                                                               Group D 

Fig. 5 Porcelain fracture classification (Modified figures from Mikeli et al., 2012) 
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In case of porcelain fracture of group B the restoration was polished intraorally. Porcelain 
fractures of group C were repaired with light-curing composite (FiltekTM Supreme, 3M ESPE, 
Neuss, Germany) with aid of CoJetTM Intraoral Adhesive Repair System (3M ESPE, Neuss, 
Germany) following the manufacturer’s instructions under use of dental dam. In cases of 
group D fractures followed renewal of the implant borne restoration. 
2.8 Sample size 
All adult patients (age  18 years) being rehabilitated with implant supported fixed dental 
restorations, from January 1995 until August 2011, either PFM or AC, in the Department of 
Prosthetic Dentistry, Dental School, University Hospital Carl Gustav Carus of TUD were 
included and invited to participate in this retrospective study. The above referred Recall- and 
DENTWARE-system delivered a list of 397 potential patients. A final number of 144 patients 
responded positively to our invitation and participated in the study.  
2.9 Statistical methods 
The electronical data record carried out with aid of Microsoft Excel 2007 (Microsoft Office 
Professional Plus 2007, Microsoft Corporation, USA). For the descriptive statistical analysis 
the Software SPSS for Windows was used (IBM SPSS Statistics 21.0, Armonk, NY: IBM 
Corp.). This analysis took place on patient, restoration and unit level. All restorations and 
units were subdivided into two groups: PFM and AC. 
Contingency table analysis (Pearson’s chi-squared test) was used to determine the 
correlation between potential risk factors (independent variables) and prevalence and extent 
of porcelain fractures (dependent variables). The independent variables were: 
 
 Parafunctional habits/ bruxism 
 Use or not of occlusal splint 
 Type of dynamic occlusion (canine guidance, group function, bilateral balance, 
anterior protected occlusion) 
 SDA or not 
 Total number and type of fixed restoration per patient 
 Number of natural teeth per patient 
 Number of implants per patient 
 Type of implant borne restoration (SC, splinted SCs, FDP, cantilevered FDPs, 
implant-tooth supported FDPs) 
 Position of restoration 
 Length of restoration 
 Length of cantilever and/ or pontic (if present) 
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 Type of connector in implant-tooth supported FDPs (rigid, non-rigid) 
 Type of fixation (screw-retained or cemented) 
 Type of cementation (final or provisional) 
 Materials used (PFM, AC, alloy type, AC-system) 
 Type of opposing surface (natural tooth, fixed or removable restoration, type of 
opposed restoration) 
 Implant system 
 Implant diameter and length 
 Abutment angulation 
 Former complications of the implant borne restorations 
 Former complications of the opposing arch 
Null hypothesis was that these factors do not affect the incidence of porcelain fractures. The 
alternative hypothesis was that these factors affect the incidence of porcelain fractures. A 
significance level of a=0.05 was set, while a p-value <0.001 represented high significance. 
The Kruskal-Wallis one way analysis of variance (parametric equivalent of ANOVA) was 
used for the statistical analysis of impact of implant diameter and length.  
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3. RESULTS 
3.1.1 Patients 
From potential 397 patients a total number of 144 patients responded and was used in the 
analysis. The 253 patients, who did not participate in the study, represent a total drop-out 
rate of 63.7%. From the examined patients 66 were men (45.8%) and 78 women (54.2%) 
with mean age=58.34 years (youngest: 22.2 years, oldest: 79.7 years) (Fig. 7). Half of them 
(n=73) responded after telephonical contact and the other half was invited per mail (n=71). 
Table 5 and figure 6 present the patients’ response and drop-out reasons.  
 
Table 5 Patients’ contact-type and response. n: Number 
 Contact Participation n (%) Total n (%) 
 
 No Yes  
A
ll 
pa
tie
nt
s 
n
=
 3
97
 (1
00
%
) 
Only per telephone 70 (17.6) 
73 
(18.4) 
143 
(36) 
Additionally per mail 181 (45.6) 
71 
(17.9) 
252 
(63.5) 
Died  2 (0.5) - 
2 
(0.5) 
Total 253 (63.7) 
144 
(36.3) 
397 
(100) 
M
al
es
 
n
=
 1
92
 (4
8.4
%)
 
Only per telephone 33 (17.2) 
37 
(19.3) 
70 
(36.5) 
Additionally per mail 91 (47.4)  
29 
(15.1) 
120 
(62.5) 
Died 2 (1.0) - 
2 
(1.0) 
Total 126 (65.6) 
66 
(34.4) 
192 
(100) 
Fe
m
al
es
 
n
=
 2
05
(51
.6%
) Only per telephone 
37 
(18.0) 
36 
(17.6) 
73 
(35.6) 
Additionally per mail 90 (43.9) 
42 
(20.5) 
132 
(64.4) 
Total 127 (61.9) 
78 
(38.1) 
205 
(100) 

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Fig. 6 Patients’ flow diagram. SC: Single crown 
 

397 patients 
(192 males, 205 females)
from Recall- and DENTWARE-system
All contacted per telephone, 252 from those 
additionally contacted per mail
144 patients
(66 males, 78 females)
underwent examination
73 contacted only per telephone
71 additionally contacted per mail
253 did not participate:
167 could not be reached either per 
telephone or per mail
17 cancelled the appointment
16 moved/ relocated
14 wrong listed by DENTWARE
6 had no contact informations
4 preferred their private dentist
3 lost their implants 
2 died
1 overaged, could not attend
1 could not attend due to medical 
reasons
1 had implant borne non-veneered 
metal SC
21 due to other reasons
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Fig. 7 Patients’ age distribution 
 
N
um
be
r o
f p
at
ie
nt
s 
(n)
 
Age (years) 
144 patients  
Mean age=58.34, 
youngest: 22.2 years, 
oldest: 79.7 years 
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3.1.2 Restorations/ Units 
The 144 patients represented 507 units encompassing 291 SCs and 58 FDPs. Twenty eight 
FDPs were implant borne (I-I FDP), 16 implant-tooth supported (I-T FDP) and 14 implant 
borne cantilever FDPs (I-I C FDP). From the 507 units 483 were PFM and 24 AC (Tab. 6). All 
restorations were fabricated in two commercial dental laboratories. Tables 7, 8, 9 and 10 
sum up the examined materials.  
 
Table 6 Restoration and unit overview. FDP: Fixed dental prosthesis (bridges); SC: Single crown; I: 
Implant; T: Tooth; S: Splinted; C: Cantilevered; PFM: Porcelain-fused-to-metal; AC: All-ceramic; n: 
Number 
 
 
 
  
 
Porcelain-fused-to-metal 
(PFM) 
n 
All-ceramic                
(AC) 
n 
Fixed dental 
prostheses 
(FDPs) 
(n=58) 
I-I FDP 28 - 
I-T FDP 14 2 
I-I C FDP 13 1 
Single 
crowns 
(SCs) 
(n=291) 
Splinted 110 4 
Non-splinted 168 9 
Units 
(n=507) 
I SC 278 13 
I Abutment 115 5 
Pontic 53 3 
T Abutment 20 2 
Cantilever 16 1 
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Table 7 Examined materials/ alloy type. Ag: Silber; Au: Gold; Co: Cobalt; Cr: Chromium; Mo: 
Molybdenum; Pd: Palladium; Pt: Platinum; Ti: Titanium 
 
Table 8 Examined materials/ all-ceramic systems. Al: Aluminium: O: Oxygen: Zr: Zirconium 
All-ceramic systems 
Alumina, Procera Aluminium oxide (Al2O3) 
Procera-AllCeram, Ducera-Dental, Rosbach, Germany 
InCeram Zirconia 
Aluminium oxide, 
Zirconium dioxide 
(ZrO2) 
VITA Zahnfabrik H. Rauter GmbH & Co. KG, 79704 Bad 
Säckingen, Germany 
VitaDur Alpha Aluminium oxide VITA Zahnfabrik H. Rauter GmbH & Co. KG, 79704 Bad Säckingen, Germany 
Zirconia ZENO Zirconium dioxide WIELAND Dental + Technik GmbH & Co. KG, Schwenninger Straße 13 , 75179 Pforzheim, Germany 
Zirconia, Cercon Zirconium dioxide Dentsply Prosthetics, Dentsply International, Konstanz, Germany 
  
Alloy type 
Albabond C Noble 
alloy Pd, Ag 
Heraeus Kulzer GmbH, Grüner Weg 11, 63450 Hanau, 
Germany 
Bellisima 280 Basic 
alloy Co, Cr, Mo sw-dentalhandel GmbH, Osnabrück, Germany 
Carrara Pdf 
High 
noble 
alloy 
Au, Pt Elephant Dental B.V., Verlengde Lageweg 10, 1628 PM Hoorn, Netherlands 
Degudent U 
High 
noble 
alloy 
Au, Pt  Degussa Dental, Dentsply Prosthetics, Dentsply International, Konstanz, Germany 
Degulor M Noble 
alloy Au, Pt 
Degussa Dental, Dentsply Prosthetics, Dentsply 
International, Konstanz, Germany 
DLS Noble 
alloy Pd 
DLS Dentallegierungen Strasser GmbH, Berlin, 
Germany 
Esteticor 
Vision 
Noble 
alloy Au, Ti Cendres & Métaux SA, Biel, Switzerland 
Shera Alloy E Basic 
alloy Co, Cr 
SHERA Werkstoff-Technologie GmbH & Co. KG, 
Lemförde, Germany 
Wegold B-SG Noble 
alloy Au, Pt 
Wegold Edelmetalle AG, Nibelungenstr. 5, 90530 
Wendelstein, Germany 
Wegold H-GP 
High 
noble 
alloy 
Au, Pt Wegold Edelmetalle AG, Nibelungenstr. 5, 90530 Wendelstein, Germany 
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Table 9 Examined materials/ veneer ceramic 
 
Table10 Examined materials/ implant systems   
Veneer ceramic 
Ceramic Creation 
(for zirconia) 
CREATION WILLI GELLLER INTERNATIONAL GmbH, Koblacherstrasse 3, 6812 
Meiningen, Austria 
Classica  
(for basic and noble 
alloy) 
Wegold Edelmetalle AG, Nibelungenstr. 5, 90530 Wendelstein, Germany 
Cosmica  
(for noble alloy) Wegold Edelmetalle AG, Nibelungenstr. 5, 90530 Wendelstein, Germany 
E max Ceram     
(for zirconia) Ivoclar Vivadent, Schaan, Liechtenstein 
GC Initial  
(for basic alloy) GC Europe N.V.,  Interleuvenlaan 33, 3001 Leuven, Belgium 
Interaction Carrara Elephant Dental B.V., Verlengde Lageweg 10, 1628 PM Hoorn, Netherlands 
Reflex  
(for basic and noble 
alloy) 
WIELAND Dental + Technik GmbH & Co. KG, Schwenninger Straße 13, 75179 
Pforzheim, Germany 
ZIROX  
(for zirconia) 
WIELAND Dental + Technik GmbH & Co. KG, Schwenninger Straße 13, 75179 
Pforzheim, Germany 
Implant systems 
Brånemark Nobel Biocare Deutschland GmbH, Stolberger Straße 200  50933 Köln, Germany 
Frialit DENTSPLY Friadent, Implants manufacturing GmbH, Steinzeugstr. 50 68229 Mannheim, Germany 
IMZ DENTSPLY Friadent, Implants manufacturing GmbH, Steinzeugstr. 50 68229 Mannheim, Germany 
Nobel Biocare Nobel Biocare Deutschland GmbH, Stolberger Straße 200  50933 Köln, Germany 
Straumann Straumann GmbH, Jechtinger Str. 9, 79111 Freiburg, Germany 
Wital WIELAND Dental + Technik GmbH & Co. KG, Schwenninger Straße 13 , 75179 Pforzheim, Germany  
Xive DENTSPLY Friadent, Implants manufacturing GmbH, Steinzeugstr. 50 68229 Mannheim, Germany 
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3.2 Results on patient level 
The prevalence of porcelain fracture on patient level was 23.6%. In the total number of 144 
patients, 110 belonged to group A, 26 to group B and 8 to group C. No fracture from group D 
could be detected. 
According to the results after the statistic analysis the factors age, bruxism, number of 
natural teeth, number of implants and total number of implant borne FDPs per patient 
affected the prevalence of porcelain fractures (Tab. 12).  
Bruxism significantly affected (p=0.002) the prevalence of porcelain fractures. Bruxers had 
3.5 times higher odds than non-bruxers. The prevalence of porcelain fracture in patients with 
bruxism was higher in males (18.2%) than in females (15.4%). However, there was no 
statistically significant difference between the two groups. No fracture of group D was 
detected, either in the bruxer or in the non-bruxer group. However, non-bruxers 
demonstrated only minor defects (group B), while in the bruxer group there were also larger 
defects (group C) detectable. In the SC group the prevalence of porcelain fracture in bruxers 
was higher (10.7%) for non-splinted crowns than for splinted crowns (6.4%), but without 
reaching statistical significance (Tab. 11). 
The >60- years-old group showed 2.8 times higher odds compared to 60 years-old group 
(p=0.018). Patients with a total number of natural teeth over 20 had a lower risk of porcelain 
fracture compared with those with less than 20 natural teeth (OR=0.4, p=0.018). Especially 
the total number of maxillary natural teeth had an influence on the fracture prevalence 
(p=0.012). Nine to twelve present maxillary teeth demonstrated a lower fracture risk with 
OR=0.7, while 13 to 16 maxillary teeth exhibited an OR=0.2. Vice versa, a higher total 
number of implants per patient increased the porcelain fracture risk (p=0.002). When 
compared to cases with one implant per patient, patient with 2 implants had 1.3 higher odds, 
while patients with 3 implants or more had 4.9 higher odds. Further patients with 2 maxillary 
implants had 2.7 higher odds and patients with over 3 maxillary implants 6.1 higher odds 
(p=0.001), when compared to patients with no maxillary implants. Finally, the presence of 
more implant borne fixed dental prostheses (I-I FDP) affected the fracture incidence 
negatively (p=0.012). One I-I FDP impaired the presence of porcelain fracture (OR=2.0), 
while patients with 2 present I-I FDPs had 8.7 higher odds. The overall success rate on 
patient level was 76.4% and the survival rate 23.6%. 

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Fig. 8 Patient level analysis. Distribution of porcelain fracture in patients with and without 
bruxism 
 

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Fig. 9 Age distribution in patients with and without porcelain fracture 
 

 
Fig. 10 Total number of implants per patient distribution in patients with and without porcelain 
fracture  
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3.3 Results on restoration level 
The data on restoration-level were divided and analyzed in two groups: PFM and AC. The 
restorations were further divided into PFM FDPs, PFM SCs, AC FDPs and AC SCs.  
From the total 55 PFM FDPs (min. time in function 0.8 years, max. time in function 15.7 
years, mean time in function 4.9 years), 46 belonged to group A, 6 to group B and 3 to group 
C. The prevalence of porcelain fracture in this group was 16.4%. In the PFM SC group, a 
total number of 278 SCs were examined (min. time in function 0.01 years, max. time in 
function 17.5 years, mean time in function 5.6 years). As group A were evaluated 244 PFM 
SCs, 29 as group B and 5 as group C, representing a fracture prevalence of 12.2%.  
From the 3 examined AC FDPs (min. time in function 2.05 years, max. time in function 3.36 
years, mean time in function 2.5 years), 2 belonged to group A and 1 to group C resulting in 
a fracture prevalence of 33.3%. Finally, all of the 13 AC SCs belonged to group A (fracture 
prevalence 0.0%, min. time in function 2.07 years, max. time in function 12.05 years, mean 
time in function 4.7 years). No fracture of group D was found.  
The factors that affected the fracture prevalence are listed in table 12. For the PFM FDPs the 
factor ‘implant system’ had a significant correlation to porcelain fracture (p=0.025). Porcelain-
fused-to-metal FDPs borne on Straumann® or Frialit® implants demonstrated higher odds 
compared to the XIVE® group. In the PFM SC group, the factors bruxism (p=0.002), splinted/ 
not splinted SCs (p=0.041), and history of technical complication (P<0.001) affected the 
fracture prevalence. Single crowns in bruxers demonstrated 3.4 times higher fracture odds 
ratio than in non-bruxers. Splinted SCs had 0.4 lower odds than non-splinted. Finally, SCs 
being imposed to former technical complication had 4.5 times higher odds than those with no 
former technical complication. In the AC FDP and SC groups, no significant correlation could 
be detected between the examined factors and porcelain fracture prevalence.  
The overall success on restoration level for the PFM FDPs was 83.6% and the survival rate 
16.4%, for the PFM SC 87.8% and 12.2% respectively. In the AC group, the success rate for 
FDPs was 66.7% and the survival rate 33.3%, while the AC SCs demonstrated 100.0% 
success. 
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3.4 Results on unit level 
The term ‘unit’ referred to each restoration component separately. According to this, FDPs 
were further divided into implant-abutment (I-abutment), tooth-abutment (T-abutment), pontic 
and cantilever. For the SCs/ crowns the term ‘unit’ and ‘restoration’ was identical. Equal to 
the restoration level analysis, the results on unit level are also presented in two groups: PFM 
group and AC group, including 483 and 24 units respectively. PFM units were in function for 
a mean period of time of 5.4 years (min. time in function 0.01 years, max. time in function 
17.5 years) and AC for 3.8 years (min. time in function 2.07 years, max. time in function 
12.05 years). 
The porcelain fracture prevalence in AC group was 4.2%. No significance could be detected 
between porcelain fractures and the examined potential risk factors in this group. In the PFM 
group the fracture prevalence was 9.5%. The factors gender (p=0.033), bruxism (p<0.001), 
former technical complication (p<0.001) and type of opposing arch (p=0.049) had significant 
correlation to porcelain fracture incident. Females demonstrated 0.5 lower odds than males. 
Bruxers demonstrated 3.3 higher odds compared to non-bruxers, while PFM units with a 
history of technical complication had 4.2 times higher odds compared to those with no former 
complication. Concerning the opposing arch type implant borne restorations occluding to 
tooth supported single crowns had 3.0 times higher odds than those occluding to natural 
teeth. All other opposing arch types had no significant influence.  
The overall success on unit level for the PFM was 90.5%. The survival rate was 9.5%, while 
for the AC units the rates were 95.8% and 4.2% respectively. 
Finally, fracture position and fracture extent were also recorded. The majority of fractures 
belonged to group B and some to group C. No fracture of group D was recorded. Fractures 
were mostly detected on occlusal, buccal and distal surfaces of the restorations and less 
cervical, incisal, lingual and mesial. The results are presented in tables 11 and 12 and in 
attachment. 
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Fig. 11 Unit analysis PFM. Implant diameter distribution in patients with and without porcelain 
fracture (Kruskal-Wallis one way analysis of variance; p2 value=0.427; p2 value refers to correlation 
between fracture’s extent and variables) 


Fig. 12 Unit analysis PFM. Implant length distribution in patients with and without porcelain 
fracture (Kruskal-Wallis one way analysis of variance; p2 value= 0.854; p2 value refers to correlation 
between fracture’s extent and variables) 
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PFM  
N
on
splinted
splinted
Single
Crow
ns
FDP
U
nits
M
ales
Fem
ales
Patients

    
56.8
(22.277.1)
59.7
(24.179.7)
58.3
(22.279.7)
Agein
years
m
ean
(m
in.m
ax.)
4.7
(0.0116.1)
6.9
(1.517.5)
5.6
(0.0117.5)
4.9
(0.815.7)
5.4
(0.0117.5)
  
Tim
ein
functionin
years
m
ean
(m
in.m
ax.)
168
(100)
110
(100)
278
(100)
55
(100)
483
(100)
66
(100)
78
(100)
144
(100)
Total
N
um
ber
(%
)
84
(50)
59
(53.6)
143
(51.4)
29
(52.7)
261
(54)
37
(56)
38
(48.7)
75
(52.1)
N
on
Bruxers
n
(%
)
84
(50)
51
(46.4)
135
(48.6)
26
(47.3)
222
(46)
29
(44)
40
(51.3)
69
(47.9)
Bruxers
n
(%
)
76
(45.2)
58
(52.7)
134
(48.2)
26
(47.3)
248
(51.3)
31
(47)
34
(43.6)
65
(45.1)
A N
onBruxers
(%
)
Fracturegroup
8
(4.8)
1
(0.9)
9
(3.2)
3
(5.4)
13
(2.7)
5
(7.5)
4
(5.1)
9
(6.3)
B
     1
(1.5)
 1
(0.7)
C
66
(39.3)
44
(40)
110
(39.6)
20
(36.5)
189
(39.1)
17
(25.8)
28
(35.9)
45
(31.3)
A
Bruxers
(%
)
14
(8.3)
6
(5.5)
20
(7.2)
3
(5.4)
25
(5.2)
9
(13.7)
8
(10.3)
17
(11.7)
B
4
(2.4)
1
(0.9)
5
(1.8)
3
(5.4)
8
(1.7)
3
(4.5)
4
(5.1)
7
(4.9)
C
2.6
(1.16.3)
9.2
(1.177.7)
3.4
(1.57.6)

3.3
(1.76.5)
3.6
(1.111.4)
3.6
(1.0512.6)
3.4
(1.57.9)
O
R
(95%
CI)
0.03
0.02
0.002
n.s.
<0.001
0.02
0.03
0.002
pvalue
*R
eference G
roup: 
n
o
n
-Bruxe
r
Table 11 R
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n
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m
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w
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PFM
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ot sig
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(1.5-7.9)  
2.8  
(1.7-6.8)  
O
R (95%
 CI) 
15.3 
(1.0-224.8) 
8.7 
(1.5-50.8)  
2.7 
(0.7-10.0)
 4.9 
(1.6-15.5)
 
0.7 
(0.2-2.4)
 
6.1 
(1.8-20.3)
 
0.2 
(0.02-0.7)
 
-
 
0.049 
<0
.001 
<0
.001 
0.033 
-
 
<0
.001 
0.041 
0.002 
-
 
0.025 
0.012 
0.001 
0.002 
0.017 
0.018 
0.002 
0.018 
P 
Value 
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4. DISCUSSION  
4.1 Study design and limitations of the study 
According to the limitations of a retrospective study design no causal relation could be 
concluded between the examined potential risk factors and the porcelain fracture incidence. 
Statistic significant associations between examined demographic and clinical parameters 
and porcelain fracture prevalence could be detected. Through the study could be defined 
some clinical risk indicators for porcelain fracture in implant borne fixed restorations. 
The overall drop-out rate was 63.7%. The patients were recruited from 1995 to 2011 
treatments, considered being a long period of time. Therefore this relative high drop-out rate 
was expected. This fact was reckoned at the first study phase of planning. Moreover, the 
final total number of examined patients, restorations and patients were sufficient for reaching 
statistical significant results. Therefore this drop-out rate of 63.7% can be considered as 
acceptable in view of the study design. 
Recruitment took place systematically in multiple ways to ensure the highest possible 
participation of patients and to minimize the drop-out rate. More specifically this was 
accomplished in two ways; per telephone and/ or per mail. The Recall-system of the Clinic 
and the DENTWARE-system (DENTWARE Computer GmbH, Maisach, Germany) provided 
all the needed contact information of the patients.  
The study encompassed a large number of adult patients from both genders and all types of 
implant borne porcelain veneered fixed restorations, being manufactured in a long backward 
period of time (1995-2011). It has to be noticed that the majority of the examined restorations 
were PFM (94.8% of FDPs, 95.5% of SCs) than AC restorations (5.2% of FDPs, 4.5% of 
SCs). Therefore it is reasonable to assume that the results are representative for the PFM 
group, but not for the AC group. Moreover, the mean time in function was longer for PFM 
restorations/ units compared to AC ones. 
There was no difference on patients’ correspondence regarding gender (p=0.19). A 
difference could be detected on genders’ correspondence concerning the art of invitation (per 
mail or telephonically). Males, in opposition to females, responded often negatively to written 
invitation rather than being telephonically invited. Generally, significantly more patients 
participated after being informed about the study telephonically and not per mail (p<0.001). 
Although a detailed written invitation was sent to the patients to wake their interest on the 
study, the personal contact over telephone gained their trust.    
The examination followed from one dentist (author) having dental assistance. Each patient 
was examined for ceramic failures only from the dentist, no calibration protocol was followed. 
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Moreover, all restorations were scanned for ceramic fractures only by observation under 
relatively dry conditions, with no use of special equipment, such as magnifying spectacles. 
For these reasons the results must be critically commented.  
The decision about which parameters could possibly have an influence on the porcelain 
fracture prevalence and should therefore be examined, as well as the procedure followed, 
were based on relevant literature, clinical experience and prestudy examination. 
Patients were classified as bruxers based on a combination of self-report and clinical 
examination (De Boever et al., 2006; Manfredini, 2013b). Patient risk factors and intraoral 
signs related to parafunction were assessed by means of a questionnaire and clinical 
examination. Manfredini (2013b) recommends the diagnosis of bruxism in sleep-laboratories. 
However, this was not possible within the scope of this study. Bruxism could also be defined 
just over a questionnaire. Nevertheless this could cause difficulties in defining the actual 
prevalence of bruxism (Ahlberg et al., 2004). Combining self-report and clinical examination 
is an acceptable method to classify patient into bruxers or not (Calderon et al., 2006; Kinsel 
& Lin, 2009; Manfredini, 2013b). Even in this way, the diagnosis of parafunction remains 
clinically very difficult leading to underestimation of the prevalence of bruxism and false 
classification of bruxers (De Boever et al., 2006; Manfredini et al., 2013a; Manfredini 2013b). 
Moreover, Salvi & Brägger (2009) report that most of the bruxism episodes occurred during 
light sleep and patients can be unaware of the nocturnal parafunctional habits, making 
diagnosis of bruxism more difficult. 
Since there were no available X-rays from every implant borne restoration and those existing 
were not made with reproducible and comparable method, no evaluation of ‘crown-to-implant 
ratio’ parameter was possible within the scope of this retrospective study. Besides a new 
radiological examination would not serve the aim of the study. 
The univariate statistical analysis followed separately for PFM and AC restorations in patient, 
restoration and unit level. The independent parameters were grouped respectively and 
statistical procedure was simplified in this way. On restoration level the single tooth 
restoration/ SC was defined as placement of a single implant restoration to restore a distal 
extension edentulous area, or between two natural teeth (Muftu & Chapman, 1998), while as 
FDP was defined an implant or implant-tooth borne bridge. On unit level the terms ‘unit’ and 
‘single crown’/ ‘crown’ were identical. 
 ‘Survival’ was defined as the restoration remaining in situ irrespective of its condition, 
represented by groups B and C. As ‘success’ was defined the restoration that remained 
unchanged and did not require any intervention, represented by group A. Although none 
restoration belonged to group D, this group would represent every restoration required 
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replacement and would be considered as ‘failure’ (Walton, 1998; Payne et al., 2001; Larsson 
et al., 2006; Kinsel & Lin, 2009; Al-Amleh et al., 2010; Heintze & Rousson, 2010; Larsson & 
Vult von Steyern, 2010). 
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4.2 Discussion of the results 
Porcelain fractures in implant borne fixed restorations are multifactorially rationalized. Over 
this retrospective study some risk indicators could be identified. 
 
Bruxism 
Respecting the referred limitations, bruxism is a major risk indicator for ceramic fractures in 
implant borne FDPs on patient, restoration and unit level.  
From the total number of 144 patients 75 were non-bruxers (52.1%) and 69 (47.9%) bruxers. 
Under the 23.6% patients with at least one porcelain fracture, 30% belonged to the non-
bruxer group and 70% to the bruxer group (p=0.002) (Tab. 11 and 12). 
These results agree with current literature. Kreissl et al. (2007) describe bruxism as factor 
associated with technical complications. In the review by Salvi & Brägger (2009) higher odds 
of mechanical/ technical complications in bruxers compared to non-bruxers are reported. 
Bruxism played a significant role in the prevalence of porcelain fractures also in other studies 
(Brägger et al., 2001; Muche et al., 2003; Brägger et al., 2005; De Boever et al., 2006; 
Larsson et al., 2006; Kreissl et al., 2007; Kinsel & Lin, 2009; Wahlström et al., 2010), 
concluding that bruxism resulted in significantly increased event rates (De Boever et al., 
2006; Salvi & Brägger, 2009). According to Kinsel & Lin (2009), approximately 19% patients 
with bruxism experienced porcelain fracture, compared to 5% patients without bruxist habit  
(7 times higher odds, 5 times higher odds of major porcelain fracture).  
As already referred, bruxism and parafunctional activity are difficult to defin and diagnose 
clinically (Özcan, 2003, Manfredini et al., 2013a; Manfredini, 2013b). However, probably 
every clinician, based on clinical experience, would group bruxers into a high risk category 
for technical complications. Fact is that normal mastication forces increase considerably in 
bruxers. Studart et al. (2007) report normal mastication forces of 250N, while forces due to 
clenching/ grinding can reach 800N. The higher mastication forces combined with lack of 
periodontal ligament and lack of mechanoreceptors around implants set a high risk 
background for porcelain fractures in implant borne restorations in bruxers (Schwarz, 2000; 
Kinsel & Lin, 2009). Although the use of occlusal splints act protectively against porcelain 
defects in bruxers and could be suggested to these patients in order to prevent this technical 
complication (Misch, 2002; Kinsel & Lin, 2009; Manfredini, 2013b), only 9 patients from our 
study used a splint. Therefore no statistically significant results between use of occlusal splint 
and porcelain fractures could be found in this study. 
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Generally, for achieving good long-term clinical performance of prosthetic restorations, the 
occlusal forces should not transcend the strength of either bridge components or abutments 
(Lundgren & Laurell, 1994). Clinicians using implant borne restorations should be aware of 
the technical complications (including porcelain fracture), which can occur as a result of 
occlusal overloading (Taylor & Agar, 2002).  
 
Gender 
Current literature does not include gender as risk indicator for porcelain fractures in implant 
borne fixed restorations. However, in this study a significant statistical correlation between 
gender and porcelain fracture could be detected on PFM unit level (p=0.033) (Tab. 12). A 
total number of 46 fractured PFM units 28 (60.9%) was recorded for males, compared to 18 
(39.1%) for females. 
Koç et al. (2011) supports that gender affects the bite forces and that males demonstrate 
higher forces than females. Physiologic maximal biting forces in the molar region of 807N for 
males and 650N for females have been reported (Al-Omari et al., 2010). Bakke et al. (1990) 
reported 522N for men and 441N for women. According to Calderon et al. (2006) the mean 
maximal bite force in the male group was significantly higher than in the female group 
(p<0.05). Palinkas et al. (2010) reported 30% higher maximal bite force in males compared 
to females. 
The higher average bite force observed in male subjects combined with the lack of 
mechanoreceptors and feedback mechanism in implant supported restorations explains the 
higher porcelain fracture odds in males in this study.  
 
Number of natural teeth 
The number of existing natural teeth per patient is not denoted as a risk factor for ceramic 
fractures in implant supported fixed restorations. In our study implant rehabilitated patients 
with over 20 existing natural teeth demonstrated significantly lower porcelain fracture rate 
than patients with fewer than 20 existing natural teeth (p=0.018). Moreover, patients with less 
than 5 existing maxillary natural teeth showed a significantly higher fracture rate (p=0.017) 
(Tab. 12). 
Miyaura et al. (1999) conclude that the number of existing teeth has a major influence on the 
masticatory function. More specifically, patients with fewer than 20 existing teeth 
demonstrated significantly higher biting pressure than patients with 20 existing teeth or more. 
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This indicates that patients with poor natural dentition are prone to overload and occlusal 
trauma (Miyaura et al., 1999). Since osseointegrated implants have no periodontal ligament, 
occlusal traumatism cannot exist. Instead, excessive bite forces may cause mechanical or 
technical complications (Schwarz, 2000). This opinion congruous with our results. Mericske-
Stern et al. (1996; 2000) report a maximum bite force of 500N for maxillary implant supported 
restorations and only 300N for mandibular restorations, indicating a higher tactile threshold 
for the maxilla. This could explain the significant correlation between porcelain fracture and 
number of existing maxillary natural teeth. In the mandible, no significance could be 
detected. 
 
Total number of implants/ number of maxillary implants 
The review of Salvi & Brägger (2009) report that in some studies the number of implants 
supporting an FPD had no impact on technical complications, while in some other studies 
more porcelain fractures were observed in FDPs supported by a greater number of implants. 
However, they conclude that the number of implants supporting an FDP was not associated 
with an increased number of technical complications. 
In our study, a significant correlation between number of implants and porcelain fractures 
was detected on patient level (p=0.002). Compared to patients with only one implant, 
patients with 2 implants had 1.3 times higher odds, while those with 3 implants or more 
demonstrated 4.9 times higher odds. Further greater number of maxillary implants affected 
negatively this technical complication (p=0.001) (Tab. 12). 
Greater numbers of implants correspond with lower numbers of existing natural teeth and the 
probability of multiunit implant restorations. This combination of fewer mechanoreceptors and 
more complex biomechanics can result in higher fracture rates in patients with greater 
numbers of implants. 
 
Number of implant borne fixed dental prostheses 
Likewise, a significantly higher fracture rate was observed in patients with one or two implant 
borne fixed dental prostheses compared to patient having only implant borne SCs (p=0.012). 
Moreover, a higher fracture rate was recorded for the PFM FDPs compared to SCs (16.4% 
and 12.2% respectively) (Tab. 12). 
Increased technical risks for FDPs were observed also by Salvi & Brägger (2009) when 
comparing 3- to 4-unit FDPs with SCs and double crowns. The complexity of the 
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reconstruction was identified as risk factor in only one study according to the review of Salvi 
& Brägger (2009). Wittneben et al. (2013) also reported more porcelain fractures in FDPs 
compared to SCs. 
A SC implant restoration in patients with almost full dentition does not pose a high fracture 
risk compared to more extended implant supported fixed restorations restoring greater tooth 
loss, meaning again a more significant lack of mechanoreceptors.  
 
History of technical complication 
According to our study, former technical complications can affect the porcelain fracture rates 
on implant borne fixed restorations negatively (p<0.001) (Tab. 12). Probably ceramics, 
having already overwhelmed the material’s fatigue toughness resulting to crack, are relatively 
more fatigued compared to ceramics with no fracture history.   
Salvi & Brägger (2009) also share this opinion, reporting statistically significantly increased 
failure rates on FDPs with history of complications compared to those without. Generally, 
implant borne FPDs and SCs already exposed to technical complications are at higher risk to 
fail compared with FDPs without preceding complications (Brägger et al., 2005). In other 
words, there is a negative interference between preceding prosthetic complications and the 
history of a former complication (Mericske-Stern et al., 2001; Brägger et al., 2005).  
 
Splinted crowns 
Splinting is not described in current literature as risk factor for ceramic fractures in SCs. 
According to Clelland et al. (2010) splinted crowns (S SCs) created more uniform strain 
patterns compared to non-splinted, however with no statistical significance. Yilmaz et al. 
(2013) found no difference in strain distribution between the two groups. Grossmann et al. 
(2005) suggest the splinting of SCs only in cases of parafunctional activity. 
In our study demonstrated non-splinted implant borne SCs almost double higher fracture rate 
than splinted crowns, although without strong statistical significance (p=0.041) (Tab. 12). 
Probably, a splinted design offers a better distribution of masticatory forces. In the bruxer 
group a slightly higher fracture rate in the non-splinted group was observed compared to 
splinted, without statistically significant correlation between the two groups. In conclusion, we 
could suggest splinting of implant borne SCs in order to minimize porcelain fracture 
incidences. Prerequisite is an adequate framework design efficiently supporting the ceramic 
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layer (De Bruyn et al., 2000). In the bruxer group, the results about the splinted SCs were not 
clear and a further prospective study is needed. 
 
Opposing arch 
According to some studies the type of antagonists affects the rate of technical complications 
on implant borne restorations (Schwarz, 2000; Goodacre et al., 2003; Kinsel & Lin, 2009; 
Zurdo et al., 2009). Kinsel & Lin (2009) report significantly higher porcelain fracture rates on 
implant supported fixed restorations when in occlusion with another implant borne fixed 
restoration and lower rates when in occlusion with natural dentition or tooth supported fixed 
restorations. On the other hand, De Boever et al. (2006) could detect no difference in 
prosthetic complication rate between the different types of antagonistic occlusion. Moreover, 
the opposing arch could also suffer a complication when opposing implant prostheses 
(Goodacre et al., 1999).  
 In our study a significant correlation, however not strong, between opposing arch type and 
porcelain fracture could be detected only on unit-level in the PFM group comparing natural 
opposing dentition with natural crowned opposing dentition (p=0.049) (Tab. 12). Implant 
borne fixed restorations had 3 times higher odds of porcelain fracture when in occlusion with 
tooth supported single crown compared to a complete natural dentition. No differences could 
be detected on the various complications of the restorations opposing implant borne fixed 
restorations.  
 
Age 
Age per se seems to play no particular role for porcelain fracture incidence according to the 
literature. In this study was detected a significant correlation between porcelain fracture and 
age of patients. More specifically, patients over 60-year old demonstrated higher fracture rate 
than patients under 60-year old (p=0.018) (Tab. 12). 
According to the World Health Organization (WHO, April 2012) globally about 30% of people 
aged 65-74 have no natural teeth. Although the thicknesses of masseter and temporal 
muscles decrease in patients over 60 years (Palinkas et al., 2010), meaning lower bite 
forces, more extensive dental absence leads to more extended restorations and greater loss 
of periodontal mechanoreceptors. Taken into account the over referred risk indicators 
affecting porcelain fractures (number of existing natural teeth, number of implants, number of 
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implant borne fixed dental prostheses) a higher rate in the age-group over 60-year old can be  
expected. 
 
Implant system 
A higher porcelain fracture rate was detected on restoration level for the restorations being 
supported by Frialit® (DENTSPLY Friadent, Implants manufacturing GmbH, Mannheim, 
Germany) and Straumann® (Straumann GmbH, Freiburg, Germany) implant systems when 
compared to the Xive® (DENTSPLY Friadent, Implants manufacturing GmbH, Mannheim, 
Germany), however with no high significance (p=0.025) (Tab. 12). 
There is no reference in current literature supporting this result. Nickenig et al. (2006) reports 
no statistical difference between technical complications and used implant system. Taking 
into account the values and length of confidence interval in our analysis, we should be 
skeptical about the reliability of this result. 
 
4.3 Conclusion 
Porcelain fracture in implant borne fixed restorations is a multifactorial phenomenon. 
Respecting the limitations of this retrospective study and considering the methodology used, 
we were able to specify some risk indicators on patient, restoration and unit level. Our null 
hypothesis was partially rejected. Summing up and giving the main points the following 
conclusions can be drawn: The below listed factors indicate higher porcelain fracture risk for 
implant borne fixed dental restorations and construct the profile of a patient prone to this type 
of technical complication: 
 Bruxism  
 Male patient  
 Over 60-year old patient 
 Less than 20 existing natural teeth per patient 
 More than 3 implants per patient  
 More implant borne FDPs per patient 
 Non-splinted implant borne SCs  
 Former technical complications  
 Existing fixed restorations in opposing arch 
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No significant correlation between porcelain fracture incidence and the following factors 
could be detected: 
 Use of occlusal splint 
 Type of dynamic occlusion (canine guidance, group function, bilateral balance, 
anterior protected occlusion) 
 SDA or not 
 Type of implant borne restoration (SC, splinted SCs, FDP, cantilevered FDPs, 
implant-tooth supported FDPs) 
 Position of restoration 
 Length of restoration 
 Length of cantilever and/ or pontic (if present) 
 Type of connector by implant-tooth supported FDPs (rigid, non-rigid) 
 Type of fixation (screw retained or cemented) 
 Type of cementation (final or provisional) 
 Materials used (PFM, AC, alloy type, AC-system) 
 Implant diameter and length 
 Abutment angulation 
Generally, when planning an implant borne fixed restoration and in order to achieve good 
long-term clinical performance, the clinician should be aware of possible patient- and 
restoration-related risk factors, possibly leading to complications, such as porcelain fracture. 
In this way, valuable time can be saved and extra costs and patient dissatisfaction can be 
avoided. The majority of porcelain fractures in implant borne fixed restorations are minor 
fractures, which can be easily intraorally polished or repaired with the aid of current intraoral 
repair systems. The study encourages further prospective clinical studies to determine the 
risk factors for porcelain fractures in implant borne fixed restorations.  
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5. ABSTRACT 
Introduction: Porcelain fractures belong to the most frequent technical complications in 
implant borne fixed restorations. Aim of this retrospective clinical study was to determine the 
prevalence and extent of porcelain fractures and to detect possible risk indicators.  
Methods: The study was designed by the Department of Prosthetic Dentistry, Dental School, 
University Hospital Carl Gustav Carus of Technical University of Dresden (TUD). Only adult 
patients (age  18 years) having previously received implant borne either metal-ceramic or 
all-ceramic fixed dental restorations from January 1995 until August 2011 were recruited. On 
the day of examination demographic and clinical parameters were systematically collected. 
Any present porcelain fracture was recorded systematically in terms of position and extent 
through clinical examination under relatively dry conditions. The fractures were classified in 
four categories according to their extent and respective reparability. Descriptive statistical 
analysis was conducted and contingency table analysis was used to determine the 
correlation between potential risk indicators and porcelain fractures on patient, restoration 
and unit level.  
Results: A total number of 144 patients (66 males, 78 females) was examined and entered 
the analysis. They represented 507 units (483 porcelain-fused-to-metal (PFM), 24 all-ceramic 
(AC)). Further these units represented 291 single crowns (SC)/ splinted crowns (S SC) (278 
PFM, 13 AC) and 28 implant borne fixed dental prostheses (FDP) (28 PFM, 0 AC), 16 
implant-tooth borne FDPs (14 PFM, 2 AC) and 14 implant borne cantilevered FDPs (13 PFM, 
1 AC). The porcelain fracture rate on patient level was 23.6%, while on PFM FDP level this 
rate was 16.4%, on SC level was 12.2% and on unit level 9.5%. The results for AC 
restorations were 33.3%, 0.0% and 4.2% respectively. The parameters bruxism, age, 
gender, number of natural teeth, number of implants and implant supported FDPs per 
patient, former technical complication, implant system, opposing arch and splinted crowns or 
not had statistically significant correlation to porcelain fractures. 
Conclusion: Porcelain fracture in implant borne fixed restorations is a multicausal event. 
According to the limitations of the retrospective study design, this study showed that a male 
patient, bruxer, over 60-years-old, with 20 existing natural teeth, non-splinted crowns and 
former technical complications is prone to porcelain fracture. The results encourage further 
prospective clinical studies. 
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6. ZUSAMMENFASSUNG 
Einführung: Unter den technischen Komplikationen bei festsitzenden implantatgetragenen 
Restaurationen zählen Verblendkeramikfrakturen zu den häufigsten. Ziel der vorliegenden 
klinischen retrospektiven Studie war die Bestimmung der Häufigkeit des Auftretens und 
Ausmaßes von Verblendkeramikfrakturen und möglicher Risikoindikatoren. 
Methode: Die Studie wurde in der Abteilung für Zahnärztliche Prothetik der 
UniversitätsZahnMedizin Carl Gustav Carus Dresden, Technische Universität Dresden 
(TUD) geplant und durchgeführt. Erwachsene Patienten (Alter  18 Jahre), die im Zeitraum 
von Januar 1995 bis August 2011 mit festsitzenden implantatgetragenen metall- oder 
vollkeramischen Restaurationen versorgt worden waren, wurden nachuntersucht. Dabei 
wurden demografische und klinische Parameter erhoben. Unter relativer Trockenlegung 
wurden alle Restaurationen systematisch auf Verblendkeramikfrakturen untersucht. Die 
Frakturen wurden in vier Gruppen je nach Ausmaß und Reparierbarkeit klassifiziert. Die 
Analyse der Daten erfolgte deskriptiv. Weiterhin erfolgte eine Kontingenztafelanalyse der 
Beziehungen zwischen den demografischen und klinischen Parametern und vorliegenden 
Verblendkeramikfrakturen auf Patienten-, Restaurations- und Einheitenebene. 
Ergebnisse: Eine Gesamtzahl von 144 Patienten wurde untersucht; 66 davon männlich und 
78 weiblich. Es lagen 507 Einheiten (483 metallkeramisch/MK, 24 vollkeramisch/VK) vor, 
entsprechend 291 implantatgetragenen Einzelkronen/ verblockten Kronen (278 MK, 13 VK), 
28 implantatgetragenen Brücken (28 MK, 0 VK), 16 Verbundbrücken (14 MK, 2 VK) und 14 
implantatgetragenen Extensionsbrücken (13 MK, 1 VK). 23,6% der Patienten wiesen 
mindestens eine Verblendkeramikfraktur auf, wobei 16,4% der MK Brücken, 12,2% der MK 
Kronen und 9,5% der MK Einzeleinheiten betroffen waren. Die Ergebnisse für die VK 
Restorationen waren 33,3%, 0,0% und 4,2%. Es konnten Korrelationen zwischen den 
vorhandenen Veblendkeramikfrakturen und den Parametern Bruxismus, Alter des Patienten, 
Geschlecht, Anzahl der vorhandenen natürlichen Zähnen, Implantaten und 
implantatgetragenen Brücken pro Patient, frühere technische Komplikationen, 
Implantatsystem, Gegenkieferversrorgung und Verblockung der Einzelkronen ermittelt 
werden.  
Schlussfolgerung: Verblendkeramikfrakturen bei festsitzenden implantatgetragenen 
Restaurationen werden als multikausales Geschehen angesehen. Auf der Basis des 
vorliegenden retrospektiven Studiendesigns wurde ein männlicher Patient mit Bruxismus, 
über 60 Jahre alt, mit 20 vorhandenen natürlichen Zähnen, nicht verblockten Kronen und 
früheren technischen Komplikationen als Risikopatient für Verblendkeramikfrakturen 
identifiziert. Die Ergebnisse geben Anlass zu weiteren prospektiven klinischen Studien. 
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7. TERMINOLOGY AND ABBREVIATIONS 
att. Attachment 
AC All-ceramic 
Ag Silber 
Al Aluminium 
Au Gold 
C Cantilevered/ use of cantilever 
CI Confidence interval 
Co Cobalt 
Cr Chromium 
FDP Fixed dental prostheses 
Fig. Figure 
I-I Implant borne restorations 
I-T Implant-tooth borne restorations 
max. Maximum 
min. Minimum 
mm Millimeters 
Mo Molybdenum 
n Number 
N Newton 
n.s. Not significant 
n/s Not specified 
NR Non-referred 
O Oxygen 
OR Odds ratio 
Pat. Patient 
Pd Palladium 
PFM Porcelain-fused-to-metal 
Pt Platinum 
S Splinted 
SC Single crowns 
SDA Shortened dental arch 
T Tooth 
Tab. Table 
Ti Titanium 
WHO World Health Organization 
Zr Zirconium 
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8. RESULTS/ TABLES 
8.1 Results on patient level 
 
  Results/Tables
62

  
Variables n 
Fracture          
Fracture Group (n) 
OR1   
(95% CI) 
p1 
value 
p2 
value No Yes 
A B C 
Pa
tie
nt
s 
Patients 144 110 26 8    
(%) (100.0) (76.4) (18.0) (5.6) 
   
Males 66 48 14 4  
0.341 0.624 
(%) (45.8) (33.3) (9.7) (2.8)  
Females 78 62 12 4  
(%) (54.2) (43.1) (8.3) (2.8) 
 
Age:      
60*years 59 51 7 1  
0.018 0.047 
(%) (41.0) (35.4) (4.9) (0.7) 
 
>60 years 85 59 19 7 2.8      (1.7-6.8) 
(%) (59.0) (41.0) (13.1) (4.9) 
 
Non-bruxers* 75 65 9 1  
0.002 0.006 
(%) (52.1) (45.1) (6.3) (0.7) 
 
Bruxers 69 45 17 7 3.6      (1.5-7.9) 
(%) (47.9) (31.3) (11.6) (4.9) 
 
No use of occlusal 
splint 135 105 22 8  
0.129 0.092 
Use of occlusal 
splint 9 5 4 -  
Type of Occlusion:      
Anterior protected 
occlusion 18 11 6 1  
0.396 0.164 
Canine guidance 102 82 16 4  
Group function 19 14 3 2  
Balanced occlusion 1 1 - -  
Other                  
*unilateral Anterior 
Protected/ Canine 
4 2 1 1  
Tab. Results on patient level. p1 value refers to correlation between  present  porcelain fracture and variables; p2 
value refers to correlation between fracture’s extent and variables, *Reference group; FDP: Fixed dental prosthesis; SC: 
Single crown; I: Implant; T: Tooth; S: Splinted; C: Cantilevered; PFM: Porcelain-fused-to-metal; AC: All-ceramic 
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Guidance, unilateral 
Group function/ 
Canine Guidance 
Number of natural 
teeth maxilla per 
pat.: 
    
 
5* 15 10 4 1  
0.017 0.058 
(%) (10.4) (6.9) (2.8) (0.7) 
 
6-8 31 20 7 4 1.1      (0.3-4.0) 
(%) (21.5) (13.9) (4.9) (2.8) 
 
9-12 61 45 13 3 0.7      (0.2-2.4) 
(%) (42.4) (31.3) (9.0) (2.1) 
 
13-16 37 35 2 0 0.2    (0.02-0.7) 
(%) (25.7) (24.3) (1.4) (0.0) 
 
Number of natural 
teeth mandible per 
pat.: 
    
 
5 2 1 1 0  
0.434 0.375 
6-8 1 8 4 1  
9-12 70 54 10 6  
13-16 59 47 11 1  
Number of natural 
teeth per pat.:        
20* 59 39 14 6  
0.018 0.030 
(%) (41.0) (27.1) (9.7) (4.2) 
 
>20 85 41 12 2 0.4      (0.2-0.9) 
(%) (59.0) (28.4) (8.4) (1.4) 
 
Number of implants 
maxilla per pat.:     
 
0* 35 31 3 1  
0.001 0.011 
(%) (24.3) (21.5) (2.1) (0.7) 
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1 37 33 3 1 0.9      (0.2-4.0) 
(%) (25.7) (22.9) (2.1) (0.7) 
 
2 31 23 7 1 2.7      (0.7-10.0) 
(%) (21.5) (16.0) (4.9) (0.7) 
 
3 41 23 13 5 6.1      (1.8-20.3) 
(%) (28.5) (16.0) (9.0) (3.5) 
 
Number of implants 
mandible per pat.:     
 
0 74 56 16 2  
0.881 0.667 
1 18 15 2 1  
2 30 22 5 3  
3 22 17 3 2  
Number of implants 
per pat.:        
1* 38 34 2 2  
0.002 0.007 
(%) (26.4) (26.4) (1.4) (1.4) 
 
2 38 33 5 0 1.3      (0.3-5.2) 
(%) (26.4) (22.9) (3.5) (0.0) 
 
3 68 43 19 6 4.9      (1.6-15.5) 
(%) (47.2) (29.9) (13.2) (4.2) 
 
Number of T SC per 
pat.:     
 
0 36 32 3 1  
0.072 0.072 
1-2 36 28 4 4  
3-6  41 26 13 2  
7 31 24 6 1  
Number of I SC per 
pat.:     
 
0 29 23 5 1  0.699 0.739 
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1-3 88 68 14 6  
4-8 27 19 7 1  
Number of T-T FDP 
per pat.: 
    
 
0 79 64 12 3  
0.311 0.628 
1 32 22 8 2  
2 30 21 6 3  
3 3 3 - -  
Number of I-I FDP 
per pat.:     
 
0* 107 87 18 2  
0.012 <0.001 
(%) (74.3) (60.4) (12.5) (1.4) 
 
1 31 21 4 6 2.0      (0.8-5.0) 
(%) (21.5) (14.6) (2.8) (4.1) 
 
2 6 2 4 - 8.7      (1.5-50.8) 
(%) (4.2) (1.4) (2.8) (0.0) 
 
Number of I-T FDP 
per pat.:     
 
0 131 100 25 6  
0.621 0.068 1 11 9 1 1  
2 2 1 - 1  
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8.2 Results on restoration level 

 
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Variables n 
Fracture       
Fracture Group (n) 
OR1      
(95% CI) 
p1 
value 
p2 
value No Yes 
A B C 
PF
M
  F
D
Ps
 (B
rid
ge
s) 
FDPs 55 46 6 3    
(%) (100.0) (83.6) (10.9) (5.5) 
   
Fractured FDP 
element:      
Implant abutment 7 - 4 3  
  
(%) (12.7) (0.0) (7.3) (5.4) 
 
Pontic - - - -  
(%) (0.0) (0.0) (0.0) (0.0) 
 
Combination 2 - 2 -  
(%) (3.7) (0.0) (3.7) (0.0) 
 
Fracture position:        
Cervical 1 - - 1    
Occlusal 3 - 2 1    
Incisal 3 - 2 1    
Buccal 3 - 3 -    
Lingual 3 - 3 -    
Distal 5 - 3 2    
Mesial - - - -    
Males 23 17 4 2  
0.098 0.255 
(%) (41.8) (30.9) (7.3) (3.6) 
 
Females 32 29 2 1  
(%) (58.2) (52.7) (3.7) (1.8) 
 
 
 
 
 
     
Tab. Results on restoration level/ PFM FDPs (Bridges). p1 value refers to correlation between present 
porcelain fracture and variables; p2 value refers to correlation between fracture’s extent and variables, 
*Reference group; FDP: Fixed dental prosthesis; SC: Single crown; I: Implant; T: Tooth; S: Splinted; C: 
Cantilevered; PFM: Porcelain-fused-to-metal; AC: All-ceramic 
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Time in function in 
years (months): 
1 (12) 1 1 - -  
0.691 0.401 
1-2 (12-24) 2 2 - -  
2-5 (24-60) 30 26 4 -  
>5 (60) 21 16 2 3  
Unknown time in 
function 1 1 - -    
Non-bruxers 29 26 3 -  
0.203 0.163 
Bruxers 26 20 3 3  
No use of occlusal 
splint 52 44 5 3  
0.414 0.418 
Use of occlusal 
splint 3 2 1 -  
Anterior protected 
occlusion 10 9 - 1  
0.465 0.531 
Canine guidance 39 33 5 1  
Group function 5 3 1 1  
Balanced occlusion 1 1 - -  
Bridge Type:      
I-I FDP 28 24 2 2  
0.231 0.431 I-T FDP 14 13 1 -  
I-I C FDP 13 9 3 1  
Number of units 
per FDP:   
 
  
2 2 2 -   
0.488 0.848 
3 23 17 4   
4 19 17 1   
5 5 5 -   
6 6 5 1   
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Number of               
I- abutment per 
FDP: 
1 11 10 1   
0.689 0.925 
2 27 21 4   
3 16 14 1   
4 1 1 -   
Number of pontics 
per FDP:   
 
  
0 12 9 2   
0.504 0.789 1 30 25 3   
2 13 12 1   
Number of 
cantilevers per 
FDP: 
  
 
  
0 40 35 3 
  
0.340 0.653 
1 14 10 3   
2  1 1 - -  
Number of T 
abutments per FDP 
(for I-T FDPs): 
     
0 41 33 5 3  
0.430 0.699 1 7 7 - -  
2 7 6 1 -  
Rigid connector 
(for I-T FDPs):   
 
  
No 4 4 - -  
0.512 0.512 
Yes 10 9 1 -  
Non applicable 41 33 5 3    
FDP position:      
Anterior 10 10 - -  0.244 0.589 
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Posterior 26 20 4 2  
Combination 19 16 2 -  
Long pontic:      
No 48 39 6 4  
0.210 0.456 
Yes 7 7 - -  
Shorted dental 
arch (SDA):   
 
  
No 53 43 6 3  
0.524 0.816 
Yes 2 2 - -  
Fixation:      
Cemented 34 31 3 -  
0.054 0.055 
Screw-retained 21 15 3 3  
Cement type:        
Provisional 
cementation 13 11 2 -  0.773 0.773 
Final cementation 17 15 2 -  
Non applicable 22 16 3 3    
Unknown 
cementation 5 5 - -    
Noble alloy  
34 29 4 1 
 
0.279 0.556 
Basic alloy 7 7 - -  
Unknown alloy 14 10 2 2    
Former 
complication 9 6 1 2 
 0.132 0.052 
Opposing arch 
Former 
complication 
6 - 4 2  0.234 0.157 
Opposing arch:      
Natural tooth  9 9 - -  
0.662 0.802 
Fixed 16 13 1 2  
Removable 4 4 - -  
Combination 
natural-fixed 18 14 3 1  
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






Combination 
natural-removable 4 3 1 -  
Combination 
removable-fixed 3 2 1 -  
Not in occlusion 1 1 - -  
 
Implant system: 
  
 
  
Frialit 7 4 1 2 17.3        (1.4-210.1) 
0.025 0.015 
Xive* 24 23 1 -  
Straumann 5 3 2 - 15.3        (1.0-224.8) 
Nobel Biocare 5 5 - - - 
Wital - - - - - 
Brånemark 3 3 - - - 
Unknown implant 
system 11 8 2 1 -   
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Variables n 
Fracture       
Fracture Group (n) 
OR1 
(95% CI) 
p1 
value 
p2 
value No Yes 
A B C 
A
ll-
ce
ra
m
ic
 F
DP
s 
(B
rid
ge
s) 
FDPs 3 2 - 1    
(%) (100.0) (66.7) (0.0) (33.3) 
   
Fractured FDP 
element:        
Implant abutment - - - -  
  Pontic 1 - - 1  
Combination - - - -  
Fracture position:        
Cervical - - - -    
Occlusal - - - -    
Incisal 1 - - 1    
Buccal 1 - - 1    
Lingual - - - -    
Distal - - - -    
Mesial - - - -    
Males 2 1 - 1  
0.386 0.386 
(%) (66.7) (33.3) (0.0) (33.3) 
 
Females 1 1 - -  
(%) (33.3) (33.3) (0.0) (0.0) 
 
Time in function in 
years (months):      
1 (12) - - - -  
- - 
1-2 (12-24) - - - -  
2-5 (24-60) 3 2 1 -  
>5 (60) - - - -  
Tab. Results on restoration level/ AC FDPs (Bridges). p1 value refers to correlation between present 
porcelain fracture and variables; p2 value refers to correlation between fracture’s extent and variables, 
*Reference group; FDP: Fixed dental prosthesis; SC: Single crown; I: Implant; T: Tooth; S: Splinted; C: 
Cantilevered; PFM: Porcelain-fused-to-metal; AC: All-ceramic
  Results/Tables
73

Unknown time in 
function        
Non-bruxers 1 - - 1  
0.083 0.083 
Bruxers 2 2 - -  
No use of occlusal 
splint 2 1 - 1  
0.386 0.386 
Use of occlusal 
splint 1 - - 1  
Type of Occlusion:      
Anterior protected 
occlusion 1 1 - -  
0.386 0.386 
Canine guidance 2 1 - 1  
Group function - - - -  
Balanced occlusion - - - -  
FDP Type:      
I-I FDP - - - -  
0.386 0.386 I-T FDP 2 1 - 1  
I-I C FDP 1 1 - -  
Number of units 
per FDP:      
2 1 1 - -  
0.223 0.223 
3 - - - -  
4 1 1 - -  
5 1 - - 1  
6 - - - -  
Number of              
I-abutment per 
FDP: 
     
1 2 1 - 1  
0.386 0. 386 2 1 1 - -  
3 - - - -  
  Results/Tables
74

4 - - - -  
Number of pontics 
per FDP:      
0 1 1 - -  
0.223 0.223 1 1 1 - -  
2 1 - - 1  
Number of 
cantilevers per 
FDP: 
     
0 2 1 - 1  
0.386 0.386 1 1 1 - -  
2  - - - -  
Number of            
T-abutments per 
FDP (for I-T FDPs): 
     
0 1 1 - -  
0.223 0.223 1 1 1 - -  
2 1 - - 1  
Bridge position:      
Anterior 1 1 - -  
0.386 0.386 Posterior - - - -  
Combination 2 1 - 1  
Long pontic:      
No 3 2 - 1  
- - 
Yes - - - -  
Shorted dental 
arch (SDA):   
 
  
No 3 2 - 1  
- - 
Yes - - - -  
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 
Fixation: 
Cemented 3 2 - 1  
- - 
Screw-retained - - - -  
Cement type:        
Provisional 
cementation - - - -  
- - 
Final cementation 3 2 - 1  
Former 
complication - - - -  - - 
Opposing arch 
Former 
complication 
- - - -   - 
Opposing arch:      
Natural tooth  - - - -  
- - 
Fixed - - - -  
Removable - - - -  
Combination 
natural-fixed 3 2 - 1  
Combination 
natural-removable - - - -  
Combination 
removable-fixed - - - -  
Not in occlusion - - - -  
Implant system:      
Frialit - - - -  
0.223 0.223 
Xive 1 1 - -  
Straumann 1 1 - -  
Nobel Biocare - - - -  
Wital 1 - - 1  
Brånemark - - - -  
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Variables n 
Fracture     
Fracture Group 
(n) OR1           
(95% CI) 
p1 
value 
p2 
value No Yes 
A B C 
PF
M
 S
in
gl
e 
Cr
ow
ns
 
SCs 278 244 29 5    
(%) (100.0) (87.8) (10.4) (1.8) 
   
Fracture 
position:        
Cervical 1 - - 1    
Occlusal 14 - 13 1    
Incisal 6 - 5 1    
Buccal 12 - 10 2    
Lingual 7 - 6 1    
Distal 12 - 9 3    
Mesial 11 - 11 -    
Males 132 113 17 2  
0.295 0.430 
(%) (47.5) (40.7) (6.1) (0.7) 
 
Females 146 131 12 3  
(%) (52.5) (47.1) (4.3) (1.1) 
 
Time in function 
in years 
(months): 
     
1 (12) 18 16 1 1  
0.379 0.431 
1-2 (12-24) 20 20 - -  
2-5 (24-60) 104 90 13 1  
>5 (60) 110 98 10 2  
Unknown time 
in function 26 20 5 1    
Tab. Results on restoration level/ PFM SCs. p1 value refers to correlation between present porcelain fracture 
and variables; p2 value refers to correlation between fracture’s extent and variables, *Reference group; FDP: 
Fixed dental prosthesis; SC: Single crown; I: Implant; T: Tooth; S: Splinted; C: Cantilevered; PFM: Porcelain-
fused-to-metal; AC: All-ceramic 
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Non-bruxers* 143 134 9 -  
0.002 0.003 
(%) (51.4) (48.2) (3.2) (0.0) 
 
Bruxers 135 110 20 5 3.4             (1.5-7.6) 
(%) (48.6) (39.6) (7.2) (1.8)  
No use of 
occlusal splint 265 234 26 5  
0.221 0.284 
Use of occlusal 
splint 23 10 3 -  
Type of 
Occlusion:      
Anterior 
protected 
occlusion 
26 20 6 -  
0.125 0.113 
Canine guidance 207 186 18 3  
Group function 45 38 5 2  
Balanced 
occlusion - - - -  
Position:        
Anterior 74 67 6 1  
0.396 0.697 
Posterior 204 177 23 4  
I-I splinted SC:        
No* 168 142 22 4  
0.041 0.123 
(%) (60.4) (51.0) (7.9) (1.5) 
 
Yes 110 102 7 1 0.4             (0.2-0.9) 
(%) (39.6) (36.7) (2.5) (0.4) 
 
Shorted Dental 
Arch (SDA):      
No 246 215 26 5  
0.600 0.697 
Yes 32 29 3 -  
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Fixation:        
Cemented 157 136 18 3  
0.507 0.799 
Screw-retained 121 108 11 2  
Type of 
cementation:        
Provisional 
cementation 82 75 7 -  
0.209 0.252 
Final cementation 44 37 6 1  
Unknown 
cementation 31 24 5 2    
Noble alloy 229 207 18 4  
0.881 0.872 
Basic alloy  9 8 1 -  
Unknown alloy 40 29 10 1    
Implant system:        
Frialit 54 47 6 1  
0.344 0.683 
Xive 145 131 13 1  
Straumann 41 39 1 1  
Nobel Biocare 7 7 - -  
Wital 2 1 1 -  
Brånemark 1 1 - -  
IMZ 3 3 - -  
Unknown  
implant system 25 15 8 2    
Angulated 
abutment:        
No 191 173 15 3  
0.993 0.794 
Yes 32 29 2 1  
Unknown 
abutment 
angulation 
55 42 12 1    
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Former 
Complication:      
No* 251 226 22 3  
<0.001 0.001 
(%) (90.3) (81.3) (7.9) (1.1) 
 
Yes 27 18 7 2 4.5             (1.8-11.1) 
(%) (9.7) (6.5) (2.5) (0.7) 
 
Opposing arch 
complication:      
No 262 231 27 4  
0.412 0.364 
Yes 16 13 2 1  
Opposing arch:      
Implant borne 
bridge (IB) 8 6 1 1  
0.068 0.197 
Implant single 
crown (ISC) 33 31 2 -  
Implant-tooth 
borne bridge 
(ITB) 
2 2 - -  
Not in occlusion 
(NOA) 1 1 - -  
Natural tooth 
(NT) 136 122 13 1  
Removable 
partial denture 
(RPD) 
2 2 - -  
Tooth borne 
bridge (TB) 32 29 2 1  
Tooth single 
crowns (TSC) 57 45 10 2  
Telescopic 
denture (TD) 6 6 - -  
Tooth-implant 
telescopic 
denture (tiTD) 
1 - 1 -  
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Variables n 
Fracture     
Fracture Group 
(n) OR1 
(95% CI) 
p1 
value 
p2 
value No Yes 
A B C 
A
ll-
ce
ra
m
ic
 S
in
gl
e 
Cr
ow
ns
 
SCs 13 13 - -    
(%) (100.0) (100.0) (0.0) (0.0) 
   
Fracture 
position:        
Cervical - - - -    
Occlusal - - - -    
Incisal - - - -    
Buccal - - - -    
Lingual - - - -    
Distal - - - -    
Mesial - - - -    
Males 8 8 - -  
- - 
(%) (61.5) (61.5) (0.0) (0.0) 
 
Females 5 5 - -  
(%) (38.4) (38.4) (0.0) (0.0) 
 
Time in function 
in years 
(months): 
     
1 (12) - - - -  
- - 
1-2 (12-24) - - - -  
2-5 (24-60) 9 9 - -  
>5 (60) 4 4 - -  
Unknown time 
in function - - - -    
Tab. Results on restoration level/ AC SCs. p1 value refers to correlation between present porcelain fracture 
and variables; p2 value refers to correlation between fracture’s extent and variables, *Reference group; FDP: 
Fixed dental prosthesis; SC: Single crown; I: Implant; T: Tooth; S: Splinted; C: Cantilevered; PFM: Porcelain-
fused-to-metal; AC: All-ceramic 
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Non-bruxers 6 6 - -  
- - 
Bruxers 7 7 - -  
No use of 
occlusal splint 9 9 - -  
- - 
Use of occlusal 
splint 4 4 - -  
Type of 
Occlusion:      
Anterior 
protected 
occlusion 
- - - -  
- - 
Canine guidance 8 8 - -  
Group function 5 5 - -  
Balanced 
occlusion - - - -  
Position:        
Anterior 6 6 - -  
- - 
Posterior 7 7 - -  
I-I splinted SC:        
No 9 9 - -  
- - 
Yes 4 4 - -  
Shorted Dental 
Arch (SDA):      
No 13 13 - -  
- - 
Yes - - - -  
Fixation:        
Cemented 13 13 - -  
- - 
Screw-retained - - - -  
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Type of 
cementation: 
Provisional 
cementation 4 4 - -  
- - 
Final cementation 8 8 - -  
Unknown 
cementation 1 1 - -    
Implant system:        
Frialit 4 4 - -  
- - 
Xive 4 4 - -  
Straumann 4 4 - -  
Nobel Biocare 1 1 - -  
Wital - - - -  
Brånemark - - - -  
IMZ - - - -  
Unknown 
implant system - - - -    
Angulated 
abutment:        
No 10 10 - -  
- - 
Yes 3 3 - -  
Unknown 
abutment 
angulation 
- - - -    
Former 
Complication:      
No 12 12 - -  
- - 
Yes 1 1 - -  
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









 
 
 
 
 
Opposing arch 
complication: 
No 12 12 - -  
- - 
Yes 1 1 - -  
Opposing arch:      
Implant borne 
bridge (IB) - - - -  
- - 
Implant single 
crown (ISC) - - - -  
Implant-tooth 
borne bridge 
(ITB) 
- - - -  
Not in occlusion 
(NOA) - - - -  
Natural tooth 
(NT) 9 9 - -  
Removable 
partial denture 
(RPD) 
- - - -  
Tooth borne 
bridge (TB) - - - -  
Tooth single 
crowns (TSC) 4 4 - -  
Telescopic 
denture (TD) - - - -  
Tooth-implant 
telescopic 
denture (tiTD) 
- - - -  
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

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Variables 
n 
 
Fracture        
Fracture Group (n) 
OR1 
(95% CI) 
p1 
value 
p2 
value No Yes 
A B C 
PF
M
 U
ni
ts
 
Units 483 437 38 8    
(%) (100.0) (90.5) (7.9) (1.6) 
   
I SC 278 244 29 5    
I-Abutment 115 106 6 3    
Pontic 53 51 2 -    
T-Abutment 20 19 1 -    
Cantilever 16 16 - -    
Fracture 
position:        
Cervical 2 - - 2    
Occlusal 18 - 16 2    
Incisal 9 - 8 1    
Buccal 16 - 14 2    
Lingual 11 - 10 1    
Distal 17 - 12 5    
Mesial 11 - 11 -    
Males* 222 194 24 4  
0.033 0.082 
(%) (46.0) (40.2) (5.0) (0.8) 
 
Females 261 243 14 4 0.5      (0.3-0.9) 
(%) (54.0) (50.3) (2.9) (0.8) 
 
Time in 
function in 
years 
(months): 
     
1 (12) 21 19 1 1  
0.303 0.242 
1-2 (12-24) 27 27 - -  
Tab. Results on unit level/ PFM units. p1 value refers to correlation between present porcelain fracture and 
variables; p2 value refers to correlation between fracture’s extent and variables, *Reference group; FDP: Fixed 
dental prosthesis; SC: Single crown; I: Implant; T: Tooth; S: Splinted; C: Cantilevered; PFM: Porcelain-fused-to-
metal; AC: All-ceramic 
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2-5 (24-60) 221 202 18 1  
>5 (60) 151 134 13 4  
Unknown time 
in function 63 55 6 2    
Non-bruxers* 261 248 13 -  
<0.001 <0.001 
(%) (54.1) (51.4) (2.7) (0.0) 
 
Bruxers 222 189 25 8 3.3      (1.7-6.5) 
(%) (45.9) (39.1) (5.2) (1.6) 
 
No use of 
occlusal splint 418 418 34 8  
0.188 0.187 
Use of 
occlusal splint 23 19 4 -  
Type of 
Occlusion:      
Anterior 
protected 
occlusion 
58 51 6 1  
0.341 0.507 
Canine 
guidance 351 322 25 4  
Group function 70 60 7 3  
Balanced 
occlusion 4 4 - -  
Position:      
Anterior 149 138 10 1  
0.284 0.419 
Posterior 334 299 28 7  
Maxilla 289 259 25 5  
0.434 0.725 
Mandible 194 178 13 3  
Long pontic:      
No 193 181 9 3  
0.373 0.673 
Yes 12 12 - -  
Non applicable 278 244 29 5    
 
 
     
  Results/Tables
87

Shorted Dental 
Arch (SDA): 
No 439 398 33 8  
0.663 0.456 
Yes 44 39 5 -  
Fixation:      
Cemented 240 217 20 3  
0.418 0.465 
Screw-retained 174 153 16 5  
Type of 
cementation:        
Provisional 
cementation 108 99 9 -  
0.832 0.535 
Final 
cementation 87 79 7 1  
Non applicable 70 68 2 -    
Unknown 
cementation 45 39 4 2    
Noble alloy  364 336 23 5  
0.293 0.550 
Basic alloy  35 34 1 -  
Unknown alloy 84 67 14 3    
Implant 
system:      
Frialit 70 59 8 3  
0.085 0.240 
Xive 201 186 14 1  
Straumann 49 45 3 1  
Nobel Biocare 21 21 - -  
Wital 2 1 1 -  
Brånemark 1 1 - -  
IMZ 3 3 - -  
Unknown 
implant 
system 
46 34 9 3    
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Angulated 
abutment: 
No 260 238 17 5  
0.798 0.963 
Yes 54 50 3 1  
Unknown 
abutment 
angulation 
79 62 15 2    
Former 
Complication:      
No* 437 403 29 5  
<0.001 <0.001 
(%) (90.5) (83.5) (6.0) (1.0) 
 
Yes 46 34 9 3 4.2      (1.9-8.8) 
(%) (9.5) (7.0) (1.9) (0.6) 
 
Opposing arch 
complication:      
No 477 436 33 8  
  
Yes 30 24 5 1  
Opposing 
arch:      
Implant borne 
bridge (IB) 22 20 1 1 - 
0.049 0.051 
(%) (4.6) (4.2) (0.2) (0.2) 
 
Implant single 
crown (ISC) 43 41 2 - - 
(%) (8.9) (8.5) (0.4) (0.0) 
 
Implant-tooth 
borne bridge 
(ITB) 
6 5 - 1 - 
(%) (1.2) (1.0) (0.0) (0.2) 
 
Not in occlusion 
(NOA) 8 8 - - - 
(%) 
 
 
(1.7) (1.7) (0.0) (0.0) 
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 
 
Natural tooth* 
(NT) 
 
206 
 
190 
 
15 
 
1 
(%) (42.7) (39.4) (3.1) (0.2) 
 
Removable 
partial denture 
(RPD) 
11 11 - - - 
(%) (2.3) (2.3) (0.0) (0.0) 
 
Tooth borne 
bridge (TB) 76 69 5 2  
(%) (15.7) (14.3) (1.0) (0.4) 
 
Tooth single 
crowns (TSC) 84 67 14 3 
3.0      
(1.4-6.3) 
(%) (17.4) (17.4) (2.9) (0.6)  
Telescopic 
denture (TD) 14 14 - - - 
(%) (2.9) (2.9) (0.0) (0.0) 
 
Tooth-implant 
telescopic 
denture (tiTD) 
13 12 1 - - 
(%) (2.7) (2.5) (0.2) (0.0) 
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Variables 
n 
 
Fracture    
Fracture Group 
(n) OR1 
(95% CI) 
p1 
value 
p2 
value No Yes 
A B C 
A
ll-
ce
ra
m
ic
 U
ni
ts
 
Units 24 23 - 1    
(%) (100.0) (95.8) (0.0) (4.2) 
   
I SC 13 13 - -    
I-Abutment 5 5 - -    
Pontic 3 2 - 1    
T-Abutment 2 2 - 1    
Cantilever 1 1 - -    
Fracture 
position:        
Cervical - - - -    
Occlusal - - - -    
Incisal 1 - - 1    
Buccal 1 - - 1    
Lingual - - - -    
Distal - - - -    
Mesial - - - -    
Males 15 14 - 1  
0.429 0.429 
(%) (62.5) (58.3) (0.0) (4.2) 
 
Females 9 9 - -  
(%) (37.5) (37.5) (0.0) (0.0) 
 
Time in 
function in 
years 
(months): 
     
1 (12) - - - -  0.648 0.648 
Tab. Results on unit level/ AC units. p1 value refers to correlation between present porcelain fracture and 
variables; p2 value refers to correlation between fracture’s extent and variables, *Reference group; FDP: Fixed 
dental prosthesis; SC: Single crown; I: Implant; T: Tooth; S: Splinted; C: Cantilevered; PFM: Porcelain-fused-to-
metal; AC: All-ceramic 
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1-2 (12-24) - - - -  
2-5 (24-60) 20 19 - 1  
>5 (60) 4 4 - -  
Unknown time 
in function - - - -    
Non-bruxers 11 10 - 1  
0.267 0.267 
Bruxers 13  -   
No use of 
occlusal splint 18 17 - 1  
0.555 0.555 
Use of 
occlusal splint 6 6 - -  
Type of 
Occlusion:      
Anterior 
protected 
occlusion 
- - - -  
0.600 0.600 
Canine 
guidance 19 18 - 1  
Group function 5 5 - -  
Balanced 
occlusion - - - -  
Position:      
Anterior 12 11 - 1  
0.307 0.307 
Posterior 12 12 - -  
Maxilla 23 22 - 1  
0.831 0.831 
Mandible 1 1 - -  
Long pontic:      
No 11 10 - 1  
- - 
Yes - - - -  
Non applicable   -     
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Shorted Dental 
Arch (SDA): 
No 24 23 - 1  
- - 
Yes - - - -  
Fixation:      
Cemented 20 20 - -  
- - 
Screw-retained - - - -  
Non applicable 4 3 - 1    
Type of 
cementation:        
Provisional 
cementation 4 4 - -  
- - 
Final 
cementation 15 15 - -  
Non applicable 4 3 - 1    
Unknown 
cementation 1 1 - -    
Implant 
system:      
Frialit 4 4 - -  
- - 
Xive 6 6 - -  
Straumann 5 5 - -  
Nobel Biocare 1 1 - -  
Wital 1 1 - -  
Brånemark - - - -  
IMZ - - - -  
Unknown 
implant 
system 
1 1 - -    
Angulated 
abutment:      
No 12 12 - -  
- - 
Yes 3 3 - -  
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



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Unknown 
abutment 
angulation 
3 3 - -    
Former 
Complication:      
No 23 22 - 1  
0.831 0.831 
Yes 1 1 - -  
Opposing arch 
complication:      
No 23 23 - 1  
0.831 0.831 
Yes 1 1 - -  
Opposing 
arch:      
Implant borne 
bridge (IB) - - - -  
0.429 0.429 
Implant single 
crown (ISC) - - - -  
Implant-tooth 
borne bridge 
(ITB) 
- - - -  
Not in occlusion 
(NOA) - - - -  
Natural tooth 
(NT) 15 14 - 1  
Removable 
partial denture 
(RPD) 
- - - -  
Tooth borne 
bridge (TB) - - - -  
Tooth single 
crowns (TSC) 9 9 - -  
Telescopic 
denture (TD) - - - -  
Tooth-implant 
telescopic 
denture (tiTD) 
- - - -  
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9. ATTACHMENT 
 
9.1 Invitation/ Information letter to the patients (in German) 
 
  Attachment 
95


UNIVERSITÄTSKLINIKUM DRESDEN 
UniversitätsZahnMedizin 
Poliklinik für Zahnärztliche Prothetik 
Direktor:  Prof. Dr. med. dent. M. Walter        
 
 EINLADUNG 
Sehr geehrte Patientin, sehr geehrter Patient, 
wir möchten Sie herzlich einladen, im Rahmen Ihrer regelmäßigen Implantat-
Nachuntersuchung an unserer Studie teilzunehmen, die die Keramikfrakturen bei 
implantatgetragenem Zahnersatz und die periimplantären Entzündungen untersucht. 
Diese Teilnehmerinformation soll Sie über die Teilnahme und den Ablauf der Studie 
aufklären.  
 
Was sind die Keramische Materialien und die Keramikfrakturen? 
Keramische Materialien werden in der Zahnheilkunde vor allem wegen ihrer hohen 
Biokompatibilität, ihrer Ästhetik und ihrer geringeren Belaganlagerung geschätzt. Leider sind 
Defektbildungen durch Absprung von Keramikteilchen besonders bei implantatgetragenem 
Zahnersatz nicht auszuschließen. 
 
Womit die periimplantären Entzündungen zu tun haben? 
Langjährige Studien haben gezeigt, dass die Bakterien rund um die Implantate eine 
Entzündung ähnlich wie beim Zahn verursachen können. Diese Entzündung beginnt an der 
Schleimhaut um das Implantat. Falls dieser Zustand ohne Therapie bleibt, kann die 
Entzündung den Knochen erreichen. In diesem Fall besteht schon eine weiter 
vorangeschrittene Erkrankung, die bei ungünstigem Verlauf zum Implantatverlust führen 
kann. 
 
Welchen Zweck hat die Studie? 
Es sollen die Ursachen und die Häufigkeiten von Keramikdefekten und Entzündungen der 
Gewebe um die Implantateuntersucht werden. Die Ergebnisse der Studie sollen 
Möglichkeiten aufzeigen, wie der behandelnde Arzt durch einen modifizierte Implantat-
Therapieplanung und -durchführung eine verringerte technische und biologische 
Komplikationsrate erreichen kann. 
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Was genau passiert bei dieser Studie? 
Als Erstes stellen wir Ihnen einige Fragen. Danach folgt eine klinische Untersuchung durch 
zwei Zahnärzte. Falls ein Keramikdefekt vorhanden ist, wird dieser fotografiert.  
 
Was sind die Gefahren der Studie? 
Die Risiken der Studie sind als sehr gering einzustufen, da es sich bei der klinischen 
Untersuchung um eine reguläre Kontrolluntersuchung handelt.  Es gibt keinen wesentlichen 
Unterschied von einer  normalen Nachsorgebehandlung. 
 
Welche sind die Vorteile der Teilnahme an der Studie? 
Grundsätzlich handelt es sich um eine reguläre Kontrolle ihrer Zähne, Implantate und Ihres 
Zahnersatzes.  
 
Die darüber hinausgehenden Maßnahmen im Rahmen der Studie sind mit keinerlei Kosten 
für Sie verbunden. Sie haben den Vorteil einer sehr gewissenhaften Untersuchung Ihrer 
Implantate und Ihres Zahnersatzes. Wir beantworten Ihnen Ihre Fragen, die Sie vielleicht 
dazu haben. Außerdem helfen Sie uns, künftigen Patienten (vielleicht gehören auch Sie 
dazu) eine noch bessere Implantatbehandlung zu bieten.  
Zusätzlich besteht die Möglichkeit einen Stempel im Bonusheft zu bekommen, wenn es 
erwünscht ist. 
 
Wie viel Zeit und Aufwand werden benötigt? 
Die Untersuchung ist einmalig, dauert ca. 30 Minuten für beide Teile und gehört zu Ihrer 
Implantat-Nachsorge. Eine regelmäßige Nachuntersuchung dieses Zahnersatzes ist 
notwendig und so entsteht für Sie kaum ein zusätzlicher Zeitaufwand. 
 
Wer ist für die Studie verantwortlich? 
Die Poliklinik für Zahnärztliche Prothetik des Universitätsklinikums Dresden ist für die Studie 
verantwortlich; Frau Aikaterini Mikeli und Herr Ioannis Konstantinidis sind die prüfenden 
Zahnärzte. 
 
Wie werden die Daten geschützt? 
Ihre persönlichen medizinischen Daten werden vom Studienzentrum vertraulich behandelt. 
Die nationalen Datenschutzgesetze werden befolgt. Am Ende der Studie werden die 
Auswertungen der Daten völlig anonym und nur als Zusammenfassung veröffentlicht, so 
dass kein einzelner Teilnehmer identifiziert werden kann. Vor der Untersuchung geben Sie 
Ihre schriftliche Zustimmung zu der Studie. 
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Wir freuen uns über Ihre Teilnahme an dem Forschungsprojekt! 
Ihre Teilnahme an der Studie hilft der Forschung zum Zahnersatz mit Implantaten. Dies soll 
zu einer besseren Behandlung für Sie und die künftigen Generationen führen. 
Wir hoffen, Ihnen alle Fragen zur Studie zufriedenstellend beantwortet zu haben. Ihre 
Entscheidung zur Teilnahme ist völlig freiwillig. Bei weiteren Fragen wenden Sie sich bitte 
an: 
 
Fr. Aikaterini Mikeli und Hr. Ioannis Konstantinidis, Tel: 0351-458 3710 
 
 
oder per E-Mail: Aikaterini.Mikeli@uniklinikum-dresden.de 
                  und   Ioannis.Konstantinidis@uniklinikum-dresden.de 
 
Sollten Sie Fragen zur Studie haben oder weitere Informationen wünschen, können Sie sich 
jederzeit an uns wenden. 
Einen Termin können Sie unter die Nummer 0351- 458 3710  an den folgenden Tagen 
vereinbaren: 
Montag: 8.00-12.00, 13.00-17.00 
Dienstag: 8.00-12.00, 13.00-15.00 
Mittwoch: 8.00-12.00, 13.00-17.00 
Donnerstag: 13.00-15.00 
Auf Ihre kurzfristige Anmeldung freuen wir uns! 
 
Wir danken Ihnen für Ihre Zeit und Ihr Interesse an dieser Studie. 
Die Studie ist von der zuständigen Ethikkommission genehmigt worden. 



UniversitätsZahnMedizin 
Poliklinik für Zahnärztliche Prothetik 
Direktor:  Prof. Dr.med.dent.M. Walter 
Fetscherstr.74,  01307 Dresden 
zahnprothetik@uniklinikum-dresden.de  
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9.2 Consent (in German) 
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UNIVERSITÄTSKLINIKUM DRESDEN 
UniversitätsZahnMedizin 
Poliklinik für Zahnärztliche Prothetik 
Ärztlicher Direktor:  Prof. Dr. med.dent. M. Walter        
  
Retrospektive klinische  Implantatstudie 
Teil I :Studie zu periimplantären Entzündungen bei Zahnimplantaten 
Teil II: Studie zu Keramikfrakturen bei implantatgetragenem Zahnersatz 
 
Ich bin durch den behandelnden Arzt mündlich und schriftlich über Ziel, Dauer, Ablauf, 
Nutzen und Risiken der klinischen Studie aufgeklärt worden. Ich hatte ausreichen 
Gelegenheit, Fragen zu stellen, die mir vom aufklärenden Arzt verständlich beantworten 
worden sind. Außerdem habe ich Kopien der schriftlichen Patienteninformation und 
Einwilligungserklärung erhalten. Ich hatte genügend Zeit, um meine Entscheidung zur 
Teilnahme an dieser Studie frei zu treffen. 
Ich weiß, dass die Teilnahme an der Studie völlig freiwillig ist, und ich diese Einwilligung 
jederzeit und ohne Angabe von Gründen widerrufen kann, ohne dass mir daraus Nachteile 
für meine weitere Behandlung entstehen. 
Die erhobenen Daten werden in digitaler Form gespeichert und sind nur den Untersuchern 
zugänglich. Der Datenschutz gegenüber den Patienten wird in vollem Umfang nach 
Vorgaben der Ethikkommission gewährleistet. Nach der gesamten Datenaufnahme werden 
die Patientendaten anonymisiert. Eine Zuordnung von Patientenname zu erhobenem Befund 
wird nicht mehr möglich sein. 
Ich erkläre mich mit der Teilnahme an der genannten klinischen Studie einschließlich der 
dafür notwendigen ärztlichen Untersuchungen einverstanden und stimme der Aufzeichnung 
meiner Daten in der ober geschrieben Form zu. 

Dresden, ______________                               _________________________ 
Ort/ Datum                                                          Pat. Unterschrift 
Bitte bis hier ausfüllen 
Pat. Studie Nr:                               Initialen:                               
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9.3 Questionnaire on bruxism (in German) 

 
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Studie zu periimplantären Entzündungen und Keramikfrakturen bei implantatgetragenem 
Zahnersatz 
 Pat.Nr.:                                                        Initialen:                                                 Datum: 
 
Fragebogen Bruxismus (Patient)  
Bitte markieren sie die richtige Antwort mit einem Kreuz. 
 Ja Nein 
1. Haben Sie regelmäßig Kopfschmerzen, besonders am 
Morgen?   
2. Beißen Sie sich auch im Alltag öfter mal „auf die Zähne“?   
3. Spannen Sie die Kiefermuskeln bei Stress öfter mal an?   
4. Haben Sie schon bemerkt, dass Sie auch am Tag mit den        
Zähnen knirschen?   
5. Können Sie einen deutlichen Verschleiß besonders an den      
 Eckzähnen feststellen?        
6. Spüren Sie manchmal eine Behinderung beim Öffnen des 
Mundes?   
7. Ist es schmerzhaft, wenn Sie zum Beispiel kauen, gähnen 
oder den Mund weit öffnen?                            
8. Entsteht ein Knack- oder Knirschgeräusch, wenn Sie den 
Mund  öffnen?   
9. Fühlen sich Ihre Kiefermuskeln angespannt an?                        
 
10.  Haben Sie Schmerzen im Gesicht-, Nacken- oder        
Schulterbereich?      
11. War Ihr Kiefer jemals in offenem oder geschlossenem 
Zustand blockiert?   
12. Haben Sie oder Ihr Partner/ Ihre Partnerin beobachtet, dass 
Sie in der Nacht mit den Zähnen knirschen?   
 
 
 
Vielen Dank für Ihre Mühe! 
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9.4 Assessment form/ Documentation (in German) 
 
  Attachment 
103

Studie zu periimplantären Entzündungen und Keramikfrakturen bei implantatgetragenem 
Zahnersatz 
 Pat.Nr.:                                                   Initialen:                                                              Datum: 
 
Kreuzen Sie die Antwort wo     oder schreiben Sie die Antwort, wo_____        
 
Generelle Informationen 
                                                                                            Karte-Nummer:                     
Patienten-Nr.: 
 
Datum: 
1. Geschlecht                                      Männlich                            Weiblich  
 
2. Geburtsdatum: :____/_____/_______ 
 
3. Art der prothetischen Versorgung (genau definieren):  
 
OK:______________________________________________________________________________
_________________________________________________________________________________
_________________________________________________________________________________
_________________________________________________________________________________ 
UK:______________________________________________________________________________
_________________________________________________________________________________
_________________________________________________________________________________
_________________________________________________________________________________ 
 
Prothetischer Befund: 
18  17  16  15  14  13  12  11       21  22  23  24  25  26  27  28 
48  47  46  45  44  43  42  41       31  32  33  34  35  36  37  38 

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Studie zu periimplantären Entzündungen und Keramikfrakturen bei implantatgetragenem 
Zahnersatz 
 Pat.Nr.:                                                   Initialen:                                                              Datum: 

4. Gesamtzahl der Oberkiefer-Implantate: ________________ 
5. Gesamtzahl der natürlichen Oberkiefer-Zähne:_____________ 
6. Gesamtzahl der Unterkiefer-Implantate: _______________ 
7. Gesamtzahl der natürlichen Unterkiefer-Zähne: ___________ 
 
8. Bruxismus-Befund: 
Abrasionen                                                                 keilförmige Defekte 
Zunge-Impressionen                                                Wange-Impressionen   
             andere_______________________________________________ 
 
9. Bruxist                                             Ja              Nein 
 
10. Okklusionsschiene                       Ja               Nein 









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Studie zu periimplantären Entzündungen und Keramikfrakturen bei implantatgetragenem 
Zahnersatz 
 Pat.Nr.:                                                   Initialen:                                                              Datum: 
 
Informationen über Einzelnrestaurationen (jede Krone, Pfeiler oder Zwischenglied zählt als eine 
separate Restauration)  
Restaurations Nr. (Position): 
 
11. Eingliederungsdatum: ___________________________ 
11. Implantat-System: ______________________________ Ø:             Länge:   
13. Implantatgestützte Krone        Ja              Nein                Nicht verwendbar 
14. Implantat-Implantatgestützte   Ja               Nein               Nicht verwendbar 
Brücke 
15. Verbundbrücke                        Ja                Nein              Nicht verwendbar 
Falls, ja           implantatgestützt                             zahngestützt              Zwischenglied 
                         starrer Konnektor            nicht starrer Konnektor         Nicht verwendbar 
 
16. Metallkeramik                                 Ja                Nein 
17. Edelmetall                                      Ja                Nein           Nicht verwendbar 
Welches Metall/ System? _____________________________________ 
18. Nicht Edelmetall                             Ja               Nein            Nicht verwendbar 
Welches Metall/ System? _____________________________________ 
19. Vollkeramik                                     Ja               Nein             
Welches Vollkermik-System? ________________________________ 
20. Pfeiler                                           Ja              Nein 
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Studie zu periimplantären Entzündungen und Keramikfrakturen bei implantatgetragenem 
Zahnersatz 
Pat.Nr.:                                                   Initialen:                                                              Datum: 

21. Zwischenglied                               Ja               Nein              Nicht verwendbar 
22. Anhänger                                      Ja               Nein              Nicht verwendbar 
23. Anhänger 15mm                         Ja               Nein              Nicht verwendbar 
24. Langes Zwischenglied                  Ja               Nein              Nicht  verwendbar 
(mehr als einen Zahn) 
 
25. Verkürzte Zahnreihe                      Ja                Nein 
27. Zementiert                                      Ja                Nein             Nicht verwendbar 
Falls, ja:    provisorischer Zement       Ja                Nein 
                  definitiver Zement              Ja                Nein 
28. Verschraubt                                   Ja                Nein           Nicht verwendbar 
29. Anguliertes Abutment                    Ja               Nein            Nicht verwendbar 
30. Gegenkiefer                             Natürlicher Zahn               keiner  Gegenkiefer 
                                                       Totalprothese/ Teleskopprothese 
                                                       Teilprothese 
                                                       Zahnunterstützte Brücke/ Krone 
                                                       Implantatunterstützte Brücke/ Krone 
                                                       Verbundbrücke 
 
31. Dynamische Okklusion*:   Frontzahngestützte  Okk.           
                                                Eckzahnführung                                 
                                                Gruppenführung                                                                                
                                                Balanzierte Okklusion                   
                                                                                                                    
 
 
andere: _____________________________ 
*Bei Brücken, jede Restauration 
ist als separate Restauration 
untersucht. 
**Bei Keramikabplatzungen, die 
Kontakte werden in ihrer früheren 
Kondition evaluiert (bevor 
Fraktur). 
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Studie zu periimplantären Entzündungen und Keramikfrakturen bei implantatgetragenem 
Zahnersatz 
 Pat.Nr.:                                                   Initialen:                                                              Datum: 

31. Ehemalige Komplikation                 Ja               Nein            Unbekannt             
ehemalige Komplikationsart : _______________________________ 
32. Gegenkieferkomplikation                Ja               Nein             Unbekannt        
 
33. Keramikabplatzung                          Ja               Nein 
 
34. Keramikabplatzung-Gruppe            A                  B               C                D 
 
*A:keine Fraktur  B:chipping aber Politur möglich  C:Fraktur bis zum Gerüst  D:neue 
Restauration erforderlich 
zervikal                              okklusal/inzisal                        Erfolg   
bukkal                                lingual                                     Überleben 
distal                                  mesial                                     Misserfolg 
Rest.Nr: 
 
Nur für Brücken  (Für Einzelnrestaurationen muss nicht gefüllt werden) 
35. Totale Glieder pro Brücke:_______________ 
36. Totale Pfeileranzahl:__________________ 
37. Wie viele Pfeiler sind natürliche Zähne?____________ 
38. Wie viele Pfeiler sind Implantate?:_______________ 
39. Totale Zwischegliedsanzahl:_____________________      
40. Totale Anhängeranzahl: _____________________

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